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Abstract 
There is an urgent need to adopt innovative sustainable technologies (ISTs) to reduce 
energy consumption and carbon emissions whilst improving process efficiency of 
existing retail buildings, due to rising energy prices and the impacts of retail buildings 
on the environment. Despite their reported advantages, exhibited performance and 
numerous policies and legislations that encourage their adoption, there is a slow 
uptake of ISTs in the retail sector. This is due to the fact that the majority of 
stakeholders consider the task of selecting ISTs as a complex multi-attribute, multi-
valued problem involving a large number of stakeholders with numerous, often 
conflicting objectives. To overcome this problem, the thesis develops a Decision 
Support Framework to assist stakeholders in the selection of ISTs for delivering low 
carbon retail buildings.    
Firstly focusing on the wider retail construction industry, followed by an in-depth case 
study of a leading UK retail contractor, the drivers and barriers faced by stakeholders in 
the retail construction industry during the selection of ISTs were identified. The 
underlying cause to the slow uptake of ISTs (complex decision-making problem) and 
the need to optimise the use of ISTs were investigated. The results identified the lack 
of a Decision Support Framework for the selection of ISTs for stakeholders in the retail 
construction industry. To address the problem, the research developed a Decision 
Support Framework to assist stakeholders in the complex decision-making task of 
selecting ISTs. The developed Decision Support Framework was first validated with a 
leading UK retail contractor and proved favourable; facilitating the decision-makers in 
the selection process and resulting in the successful selection of eight ISTs. A more 
general validation was conducted to ensure the Decision Support Framework was 
applicable to the wider construction industry. The results indicated that the framework 
was an effective mechanism to optimise the selection of ISTs by improving the 
II 
 
decision-making process; it could be used by other stakeholders and also transferable 
to other building types for selecting ISTs. 
The thesis contributes to the knowledge related to decision-making and construction 
management research by developing a Decision Support Framework to assist 
stakeholders in the selection of ISTs to deliver low carbon retail buildings. In addition, it 
identifies the drivers for and barriers to selecting ISTs for existing retail buildings; key 
stakeholders in the selection of ISTs, a set of selection criteria used by 
clients/developers and designers/constructors and a database of ISTs that can be 
implemented by stakeholders to achieve low carbon retail buildings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
III 
 
Copyright statement 
This copy of the thesis has been supplied on condition that anyone who consults it is 
understood to recognise that its copyright rests with its author and that no quotation 
from the thesis and no information derived from it may be published without the 
author's prior consent. 
 
  
IV 
 
Contents 
Abstract ......................................................................................................................................... I 
Copyright statement ................................................................................................................... III 
Contents ..................................................................................................................................... IV 
List of Acronyms ....................................................................................................................... XI 
List of Figures ........................................................................................................................... XII 
List of Tables ............................................................................................................................ XIV 
Acknowledgements ................................................................................................................ XVII 
Dedication .............................................................................................................................. XVIII 
Author's declaration ................................................................................................................ XIX 
 ...................................................................................................................................... 1 Chapter 1
Introduction .................................................................................................................................. 1 
1.1 Introduction ...................................................................................................................... 1 
1.2 Research Context............................................................................................................ 2 
1.2.1 Climate Change and the Built Environment ............................................................. 2 
1.2.2 UK Government response to climate change .......................................................... 4 
1.3 Research Problem........................................................................................................... 9 
1.4 Research Questions ...................................................................................................... 12 
1.5 Research Aim and Objectives ....................................................................................... 13 
1.6 Research Scope ............................................................................................................ 14 
1.7 Outline of the Research Design and Methodology ....................................................... 15 
1.7.1 Phase 1: Exploratory Study ................................................................................... 16 
1.7.2 Phase 2: In-depth organisational case study (Company A) .................................. 16 
1.7.3 Phase 3: Development of the Decision Support Framework ................................. 17 
1.7.4 Phase 4: Validation of the Decision Support Framework with Company A ........... 18 
1.7.5 Phase 5: Validation of the Decision Support Framework with the wider             
retail construction industry ..................................................................................... 18 
1.8 Overview of research questions, objectives, methods, expected outcomes                 
and contribution .............................................................................................................. 18 
1.9 Structure of the Thesis .................................................................................................. 20 
V 
 
1.10 Summary ...................................................................................................................... 23 
 .................................................................................................................................... 25 Chapter 2
Literature Review 1: Low Carbon Retail Buildings ................................................................ 25 
2.1 Introduction ................................................................................................................... 25 
2.2 UK Retail Industry ......................................................................................................... 26 
2.3 Energy use and carbon emissions in the retail construction industry .......................... 30 
2.4 Low Carbon Retail Buildings ........................................................................................ 36 
2.4.1 Marks and Spencer (M&S) .................................................................................... 38 
2.4.2 Sainsbury’s ............................................................................................................ 42 
2.4.3 Other Retailers ...................................................................................................... 44 
2.5 Innovation ..................................................................................................................... 47 
2.5.1 Innovative Sustainable Technologies (ISTs) ......................................................... 49 
2.5.2 Diffusion and adoption of ISTs in the retail construction industry ......................... 50 
2.6 Key stakeholders in the selection of ISTs for retail buildings ....................................... 55 
2.7 Stakeholders’ perception on the selection of ISTs ....................................................... 60 
2.7.1 Drivers for adopting ISTs in the construction industry........................................... 61 
2.7.2 Barriers to adopting ISTs in the construction industry........................................... 66 
2.8 Summary ...................................................................................................................... 69 
 .................................................................................................................................... 71 Chapter 3
Literature Review 2: Decision-Making Systems & Methodologies ...................................... 71 
3.1 Introduction ................................................................................................................... 71 
3.2 Decision-Making Process ............................................................................................. 72 
3.3 Selection of ISTs: A strategic decision-making process for selecting ISTs .................. 78 
3.4 Decision Analysis (DA) ................................................................................................. 83 
3.5 Multiple Criteria Decision Analysis (MCDA) ................................................................. 84 
3.5.1 Multiple Criteria Decision Analysis (MCDA) Methods ........................................... 86 
3.6 Lack of a systematic decision-making framework for the selection of ISTs ................. 89 
3.7 Decision-making systems suitable for the selection of ISTs ........................................ 91 
3.7.1 Directional Policy Matrix (DPM) for the strategic selection of ISTs ....................... 91 
3.7.2 Analytical Hierarchy Process (AHP) for the strategic selection of ISTs ................ 94 
3.8 Summary ...................................................................................................................... 98 
 .................................................................................................................................. 101 Chapter 4
Research Methodology ........................................................................................................... 101 
4.1 Introduction ................................................................................................................. 101 
VI 
 
4.2 Overall Research Approach ........................................................................................ 101 
4.3 Research Philosophy .................................................................................................. 104 
4.3.1 Adopted Research Philosophy: Critical Realism ................................................. 107 
4.4 Research Approach .................................................................................................... 108 
4.4.1 Adopted Research Approach: Multi-Phase Mixed Method Approach ................. 112 
4.4.1.1 Action Research ............................................................................................... 112 
4.4.1.2 Multi-Phase Mixed Method Approach .............................................................. 117 
4.5 Research Methods and Techniques ........................................................................... 119 
4.5.1 Adopted Research Methods ................................................................................ 119 
4.5.1.1 Literature Review ............................................................................................. 122 
4.5.1.2 Case Study ....................................................................................................... 123 
4.5.1.3 Focus Group ..................................................................................................... 128 
4.5.1.4 Survey .............................................................................................................. 134 
4.6 Data Analysis .............................................................................................................. 139 
4.6.1 Qualitative Data Analysis ..................................................................................... 140 
4.6.2 Quantitative Data Analysis ................................................................................... 141 
4.7 Research Ethics .......................................................................................................... 141 
4.8 Validity and Reliability of Research Design ................................................................ 142 
4.8.1 Adopted Validation strategies .............................................................................. 143 
4.9 Summary ..................................................................................................................... 145 
 .................................................................................................................................. 147 Chapter 5
Understanding the selection of ISTs for existing retail buildings ...................................... 147 
5.1 Introduction .................................................................................................................. 147 
5.2 Phase 1: Exploratory study on stakeholders’ perception on the use of ISTs                  
for existing retail buildings ............................................................................................ 148 
5.2.1 Focus Group: Stakeholders’ Perceptions (FG-SP) .............................................. 149 
5.2.2 Stakeholders’ perception on the use of ISTs ....................................................... 150 
5.2.2.1 Legislation ........................................................................................................ 151 
5.2.2.2 Cost .................................................................................................................. 152 
5.2.2.3 Roles and responsibility ................................................................................... 154 
5.2.2.4 Improvements to existing retail buildings ......................................................... 155 
5.2.2.5 Competitive Advantage .................................................................................... 156 
5.2.2.6 Innovative Sustainable Technologies (ISTs) .................................................... 157 
5.2.3 Summary of Phase 1 (Exploratory Study) ........................................................... 158 
5.3: Phase 2: In-depth organisational case study .............................................................. 158 
5.3.1 Current use of ISTs in Company A ...................................................................... 160 
5.3.2 Process of selecting ISTs in a real context (Company A) ................................... 162 
5.3.3 Innovation process of Company A ....................................................................... 170 
5.4 Summary ..................................................................................................................... 172 
VII 
 
 .................................................................................................................................. 175 Chapter 6
Development of the Decision Support Framework to select ISTs ..................................... 175 
6.1 Introduction ................................................................................................................. 175 
6.2 Multiple Criteria Decision Analysis Methods adopted for the design of the            
Decision Support Framework ....................................................................................... 176 
6.2.1 Analytical Hierarchy Process (AHP) .................................................................... 176 
6.2.2 Directional Policy Matrix (DPM) ........................................................................... 177 
6.3 Proposed Decision Support Framework ..................................................................... 178 
6.4 Stages and Steps of the proposed Decision Support Framework for the             
selection of ISTs ........................................................................................................... 179 
6.4.1 Step 1: Stakeholder Analysis .............................................................................. 184 
6.4.2 Step 2: Identify and structure the decision problem, global goal                                                          
and objectives ...................................................................................................... 186 
6.4.3 Step 3: Identify selection criteria ......................................................................... 187 
6.4.4 Step 4: Defining indicators for the final set of criteria .......................................... 189 
6.4.5 Step 5: Identifying ISTs Alternatives ................................................................... 190 
6.4.6 Step 6: Weighting and Ranking of final set of criteria ......................................... 192 
6.4.7 Step 7: Evaluating the final set of IST alternatives.............................................. 194 
6.4.8 Step 8: Overall analysis and ranking of IST alternatives .................................... 194 
6.5 Summary .................................................................................................................... 196 
 .................................................................................................................................. 199 Chapter 7
Validation of the Decision Support Framework ................................................................... 199 
7.1 Introduction ................................................................................................................. 199 
7.2 Validation Approach.................................................................................................... 200 
7.3 Validation of DSF in a real context: Company A ........................................................ 203 
7.4 Study 1: Testing of the Decision Support Framework ................................................ 205 
7.4.1 Step 1: Stakeholder Analysis .............................................................................. 206 
7.4.1.1 Level of Influence ............................................................................................. 209 
7.4.1.2 Level of Importance ......................................................................................... 211 
7.4.1.3 Identification of key stakeholders in the selection of ISTs ............................... 211 
7.4.2 Step 2: Identify and structure the decision problem, global goal                          
and objectives ...................................................................................................... 216 
7.4.3 Step 3: Identify selection criteria ......................................................................... 220 
7.4.3.1 Initial Set of Criteria ......................................................................................... 221 
7.4.3.2 Potential Set of Criteria .................................................................................... 222 
7.4.3.3 Final Set of Criteria .......................................................................................... 225 
7.4.4 Step 4: Defining indicators for the final set of criteria .......................................... 233 
7.4.5 Step 5: Identifying IST alternatives...................................................................... 234 
7.4.6 Step 6: Weighting and Ranking of final set of criteria ......................................... 241 
VIII 
 
7.4.6.1 Weighting and Ranking of Clients’/Developers’ Criteria .................................. 243 
7.4.6.2 Weighting and Ranking of Designers’/Constructors’ Criteria ........................... 245 
7.4.7 Step 7: Evaluating the final set of IST alternatives .............................................. 246 
7.4.8 Step 8: Overall analysis of IST alternatives ......................................................... 250 
7.5 Study 2: Feedback on the Decision Support Framework............................................ 251 
7.5.1 Feedback from Company A ................................................................................. 251 
7.5.1.1 Feedback on Selection Process ....................................................................... 252 
7.5.1.2 Feedback on Selection Criteria ........................................................................ 252 
7.5.1.3 Suggestions/Recommendations ...................................................................... 253 
7.5.2  Feedback from Suppliers .................................................................................... 254 
7.5.3 Summary of Recommendations........................................................................... 256 
7.6 Study 3: Improvement of the Decision Support Framework ....................................... 257 
7.6.1 Step 1: Stakeholder Analysis ............................................................................... 259 
7.6.2 Step 2: Identify and structure the decision problem, global goal                          
and objectives ...................................................................................................... 259 
7.6.3 Step 3: Identify Selection Criteria......................................................................... 259 
7.6.4 Step 4: Defining indicators for the final set of criteria .......................................... 260 
7.6.5 Step 5: Identifying IST alternatives ...................................................................... 260 
7.6.6 Step 6: Weighting and Ranking of final set of criteria .......................................... 265 
7.6.6.1 Weighting and Ranking of Clients’/Developers’ Criteria .................................. 265 
7.6.6.2 Weighting and Ranking of Designers’/Constructors’ Criteria ........................... 267 
7.6.7 Step 7: Evaluating the final set of IST alternatives .............................................. 268 
7.6.8 Step 8: Overall analysis of IST alternatives ......................................................... 270 
7.7 Summary of Validation with Organisational Case Study ............................................ 270 
7.8 Study 4: Validation with academic professionals from the wider                     
construction  industry .................................................................................................... 271 
7.8.1 Background of respondents ................................................................................. 272 
7.8.2 General feedback on the Decision Support Framework ...................................... 273 
7.8.3 Feedback on the framework’s methodology/techniques ..................................... 274 
7.8.4 Summary of Validation with wider construction industry ..................................... 276 
7.9 Summary ..................................................................................................................... 276 
 .................................................................................................................................. 279 Chapter 8
Discussion ................................................................................................................................ 279 
8.1 Introduction .................................................................................................................. 279 
8.2 Research Question 1 .................................................................................................. 280 
8.3 Research Question 2 .................................................................................................. 282 
8.4 Research Question 3 .................................................................................................. 284 
8.5 Research Question 4 .................................................................................................. 288 
8.6 Research Question 5 .................................................................................................. 291 
IX 
 
8.6.1 Group decision-making problem ......................................................................... 291 
8.6.2 Identification of key stakeholders ........................................................................ 292 
8.6.3 Identification of key stakeholders’ selection criteria ............................................ 294 
8.6.4 Screening of potential alternative ISTs ............................................................... 295 
8.6.5 Systematic structured selection process ............................................................. 296 
8.7 Summary .................................................................................................................... 296 
 .................................................................................................................................. 299 Chapter 9
Conclusions ............................................................................................................................. 299 
9.1 Introduction ................................................................................................................. 299 
9.2 Review of research aim and objectives ...................................................................... 300 
9.3 The key findings of the research ................................................................................ 302 
9.3.1 Objective 1 ........................................................................................................... 302 
9.3.2 Objective 2 ........................................................................................................... 303 
9.3.3 Objective 3 ........................................................................................................... 304 
9.3.4 Objective 4 ........................................................................................................... 305 
9.3.5 Objective 5 ........................................................................................................... 306 
9.3.6 Objective 6 ........................................................................................................... 307 
9.3.7 Objective 7 ........................................................................................................... 309 
9.4 Contributions of the study ........................................................................................... 309 
9.4.1 Theoretical Contributions .................................................................................... 310 
9.4.2 Practical Contributions ........................................................................................ 311 
9.4.3 Publications to date from the study ..................................................................... 312 
9.5 Limitations of the study ............................................................................................... 314 
9.6 Recommendations for Future Research..................................................................... 315 
9.7 Conclusions and Summary ......................................................................................... 317 
Appendices .............................................................................................................................. 319 
Appendix A: Application for Ethical Approval of Research ................................................ 320 
Appendix B: Questionnaire Surveys .................................................................................. 328 
B.1: Innovation Value Chain Questionnaire ................................................................ 329 
B.2: Stakeholder Analysis Questionnaire ................................................................... 332 
B.3a: Client/Developer AHP Questionnaire .............................................................. 334 
B.3b: Designer/Constructor AHP Questionnaire ....................................................... 335 
B.4: ISTs Scoring Questionnaire ................................................................................ 336 
B.5: Feedback Questionnaire with Company A .......................................................... 337 
B.6: Feedback Questionnaire with Suppliers of GDDFG-1 ........................................ 340 
B.7: Feedback Questionnaire with wider construction industry .................................. 343 
Appendix C: Green Dragons’ Den Focus Group-1 ............................................................ 347 
C.1: Pre-documents for Green Dragons’ Den Focus Group ....................................... 348 
C.2: Client/Developer AHP Results (GDDFG-1) ......................................................... 356 
X 
 
C.3: Designer/Constructor AHP Results (GDDFG-1) .................................................. 364 
C.4: Additional Feedback letters from Suppliers of GDDFG-1 .................................... 372 
Appendix D: Green Dragons’ Den Focus Group-2 ............................................................. 374 
D.1: Pre-documents for Green Dragons’ Den Focus Group-2 .................................... 375 
D.2: Client/Developer AHP Results (GDDFG-2) ......................................................... 384 
D.3: Designer/Constructor AHP Results (GDDFG-2) .................................................. 399 
Appendix E: Researcher’s Publications published to date ................................................. 415 
E.1: ARCOM Conference 2012, Scotland ................................................................... 416 
E.2: The Methodological Innovation Conference, Plymouth ....................................... 427 
E.3: The Postgraduate Society Annual Conference, Plymouth University.................. 428 
E.4: CIB World Building Conference, Australia ........................................................... 429 
E.5: ARCOM 2013, England ....................................................................................... 441 
E.6:  Construction Research Congress 2014. Atlanta USA ......................................... 451 
E.7:  ARCOM Workshop, 2012. London ...................................................................... 461 
Appendix F: Proposal for Further Research ....................................................................... 462 
References ............................................................................................................................... 478 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
XI 
 
List of Acronyms 
AHP Analytical Hierarchy Process 
AR Action Research 
BRC British Retail Consortium 
CBA Cost-benefit analysis 
CCC Committee on Climate Change 
CI Consistency Index 
CO2 Carbon dioxide 
CR Consistency Ratio 
DA Decision Analysis 
DEC Display energy certificate 
DFG Design Focus Group 
DPM Directional Policy Matrix 
DSF Decision Support Framework 
EPC Energy performance certificate 
EPSRC Engineering Physical Science Research Council 
ERBs Existing Retail Buildings 
FG-SP Focus group stakeholders’ perception 
FiT Feed- in-tariff 
GDDFG-1 Green Dragons’ Den Focus Group-1 
GDDFG-2 Green Dragons’ Den Focus Group-2 
GHG Greenhouse gases 
HFCs Hydrofluorocarbons 
FG-SP Focus group stakeholders’ perceptions 
IFG Identification Focus Group 
IPCC Intergovernmental Panel on Climate Change  
ISTs Innovative sustainable technologies 
IVC Innovation Value Chain 
MADM Multi-Attribute Decision-Making  
MAMCA Multi-Actor Multiple Criteria Analysis 
MAUT Multi-Attribute Utility Theory  
MAVT Multi-Attribute Value Theory  
MCA Multi-criteria analysis 
MCDA Multi-criteria decision analysis 
MCDM Multi-criteria decision method 
MODM Multi-Objective Decision-Making approaches  
M&S Marks and Spencer 
RHI Renewable Heat Incentive 
SRBs Sustainable Retail Buildings 
UK United Kingdom 
  
  
  
  
XII 
 
List of Figures 
Figure ‎1.1: Cumulative net cost and carbon savings for non-domestic buildings  ......................... 7 
Figure ‎1.2: Historical emissions from commercial and non-domestic buildings in the UK ............. 7 
Figure ‎1.3: Shift in DEC distribution to meet 80% reduction target ................................................ 8 
Figure ‎1.4: Multi-Phase Mixed Method Approach ........................................................................ 16 
Figure ‎1.5: Thesis structure and organisation .............................................................................. 22 
Figure ‎2.1: Some Dimensions of Retail Format ........................................................................... 27 
Figure ‎2.2: Breakdown of non-domestic buildings emissions by sector  ..................................... 30 
Figure ‎2.3: Non-Domestic Regulated Carbon Emissions (MtCO2e) ............................................ 31 
Figure ‎2.4: 2010 Non-Domestic Regulated Energy Use (TWh) ................................................... 32 
Figure ‎2.5: UK Policy Timeline with key dates ............................................................................. 34 
Figure ‎2.6: Sustainable Retailing Factors .................................................................................... 36 
Figure ‎2.7: ISTs used in M&S Sustainable Learning Store at Ecclesall Road, Sheffield  ............ 40 
Figure ‎2.8: S-Curve of technology diffusion ................................................................................. 51 
Figure ‎2.9: The adoption of ISTs .................................................................................................. 53 
Figure ‎2.10: Technology Adoption Life cycle ................................................................................. 54 
Figure ‎2.11: Contractors as a link between suppliers and clients .................................................. 60 
Figure ‎2.12: The best-in-class goals for sustainability initiative ..................................................... 63 
Figure ‎2.13: Relationship between environmental strategy development, performance                 
improvement and competitive advantage .................................................................. 66 
Figure ‎3.1: Decision-Making Process ........................................................................................... 73 
Figure ‎3.2: Steps in the decision-making process ....................................................................... 74 
Figure ‎3.3: Levels of decision-making in an organisation ............................................................ 75 
Figure ‎3.4: Decision-making process of selecting ISTs ............................................................... 79 
Figure ‎3.5: AHP Process .............................................................................................................. 88 
Figure ‎3.6: DPM Process ............................................................................................................. 92 
Figure ‎3.7: DPM Matrix ................................................................................................................. 93 
Figure ‎4.1: Overall Research Approach ..................................................................................... 102 
XIII 
 
Figure ‎4.2: A Nested Research Methodology ............................................................................ 104 
Figure ‎4.3: Phases within an action research ............................................................................ 114 
Figure ‎4.4: Multi-phase Mixed Method Approach ...................................................................... 117 
Figure ‎4.5: Application of literature review during the research process ................................... 123 
Figure ‎4.6: Overview and Structure of Company A ................................................................... 127 
Figure ‎4.7: Focus groups conducted during research ............................................................... 130 
Figure ‎4.8: Unstructured Interviews ........................................................................................... 135 
Figure ‎4.9: Surveys conducted during the research .................................................................. 136 
Figure ‎4.10: Triangulation Strategy ............................................................................................. 145 
Figure ‎5.1: Overall Research Phases ........................................................................................ 148 
Figure ‎5.2: Drivers for and Barriers to the use of ISTs in existing retail buildings ..................... 151 
Figure ‎5.3: Single Case Study with multiple embedded units ................................................... 159 
Figure ‎6.1: Proposed Decision Support Framework .................................................................. 178 
Figure ‎6.2: Stages of proposed Decision Support Framework .................................................. 180 
Figure ‎6.3: Flowchart of proposed Decision Support Framework ............................................. 181 
Figure ‎6.4: Example of DPM matrix for one IST alternative ...................................................... 196 
Figure ‎7.1: Validation process ................................................................................................... 202 
Figure ‎7.2: Pilot Study with Company A (Phase 4) ................................................................... 203 
Figure ‎7.3: Stakeholder Analysis ............................................................................................... 213 
Figure ‎7.4: Influence and Interests of Stakeholders in the selection of ISTs ............................ 215 
Figure ‎7.5: Decision problem structured into a hierarchy .......................................................... 220 
Figure ‎7.6: Final set of selection criteria established for key stakeholders ............................... 226 
Figure ‎7.7: Researcher presenting at GDDFG-1. ...................................................................... 242 
Figure ‎7.8: Results of Directional Policy Matrix for Study 1 ....................................................... 251 
Figure ‎7.9: Results of Directional Policy Matrix for Study 3 ....................................................... 270 
Figure ‎8.1: Leading retailers’ strategy for adopting ISTs ........................................................... 281 
Figure ‎9.1: Research Design and Phases ................................................................................. 301 
 
 
XIV 
 
List of Tables 
Table ‎1.1: Overview of research questions, objectives, methods, expected outcomes                                
and research contribution ........................................................................................... 19 
Table ‎2.1: Top 10 UK Retailers  .................................................................................................. 28 
Table ‎2.2: BRC targets for retail buildings .................................................................................. 44 
Table ‎2.3: Stakeholders of the building sector classified by category, main focus                     
and objectives ............................................................................................................ 57 
Table ‎2.4: Drivers for using ISTs to deliver low carbon buildings ............................................... 61 
Table ‎2.5: Barriers to using ISTs to deliver low carbon buildings ............................................... 67 
Table ‎3.1: Strategic selection approaches .................................................................................. 77 
Table ‎3.2: Decision process in MCDA  ....................................................................................... 85 
Table ‎3.3: The Saaty Rating Scale ............................................................................................. 97 
Table ‎3.4: Pair-wise comparisons of three elements .................................................................. 97 
Table ‎4.1: Research Paradigms  ............................................................................................... 107 
Table ‎4.2: Comparison of Quantitative and Qualitative Research ............................................ 110 
Table ‎4.3: Characteristics of action research and its application in this research .................... 116 
Table ‎4.4: Relevant situations for different research methods.................................................. 119 
Table ‎4.5: Research Methods Adopted ..................................................................................... 121 
Table ‎5.1: Participants of Focus Group ..................................................................................... 149 
Table ‎5.2: Case Study Participants for Phase 2 ....................................................................... 160 
Table ‎5.3: Objective and methods used for Phase 2 ................................................................ 160 
Table ‎5.4: Summary of ISTs used by Company A .................................................................... 161 
Table ‎5.5: Categories of IST definition by respondents ............................................................ 164 
Table ‎5.6: Current process of selecting ISTs by respondents .................................................. 166 
Table ‎5.7: Process of selecting ISTs ......................................................................................... 168 
Table ‎5.8: Reluctance to adopt ISTs ......................................................................................... 169 
Table ‎5.9: Need for a structured Decision Support Framework ................................................ 170 
Table ‎5.10: Innovation value chain analysis ............................................................................... 172 
XV 
 
Table ‎6.1: Decision Support Framework tasks and sub-tasks ................................................. 183 
Table ‎6.2: Example of AHP Analysis with two decision-makers .............................................. 194 
Table ‎6.3: Evaluating a single IST Alternative .......................................................................... 195 
Table ‎7.1: Members of the Committee from Company A ......................................................... 204 
Table ‎7.2: Steps of Decision Support Framework for Study 1 ................................................. 205 
Table ‎7.3: Participants of the Identification Focus Group for Step 1 ........................................ 206 
Table ‎7.4: Potential stakeholders identified .............................................................................. 207 
Table ‎7.5: Identified Stakeholder Groups from Brainstorming session .................................... 208 
Table ‎7.6: Responses to Level of Influence ............................................................................. 210 
Table ‎7.7: Responses to Level of Importance .......................................................................... 211 
Table ‎7.8: Participants of the Design Focus Group (DFG) for Step 2, 3 and 4 ........................ 216 
Table ‎7.9: Initial Set of Criteria ................................................................................................. 221 
Table ‎7.10: Potential Set of Criteria for the selection of ISTs for retail buildings ....................... 225 
Table ‎7.11: Indicators for Clients’/Developers’ Selection Criteria .............................................. 234 
Table ‎7.12: Indicators for Designers’/Constructors’ Selection Criteria ....................................... 234 
Table ‎7.13: Process of Identifying IST alternatives .................................................................... 236 
Table ‎7.14: Participants of the Green Dragons’ Den Focus Group (GDDFG-1)                            
for Steps 6, 7 and 8 ................................................................................................. 241 
Table ‎7.15: Weightings (%) of Clients’/Developers’ selection criteria (GDDFG-1) .................... 244 
Table ‎7.16: Combined AHP Comparison Matrix of Clients’/Developers’                            
Selection Criteria ..................................................................................................... 245 
Table ‎7.17: Weightings (%) of Designers’/Constructors’ selection criteria (GDDFG-1) ............. 245 
Table ‎7.18: Combined AHP Comparison Matrix of Designers’/Constructors’                     
Selection Criteria ..................................................................................................... 246 
Table ‎7.19: Scoring of IST ‘Solaveil’ ........................................................................................... 247 
Table ‎7.20: Scoring of IST ‘IOBAC’ ............................................................................................ 247 
Table ‎7.21: Scoring of IST ‘Spiralite’ .......................................................................................... 247 
Table ‎7.22: Scoring of IST ‘Astins Eco Doors’............................................................................ 248 
Table ‎7.23: Scoring of IST ‘Energy-Flo’ ...................................................................................... 248 
Table ‎7.24: Scoring of IST ‘Breathing Buildings’ ........................................................................ 248 
XVI 
 
Table ‎7.25: Average scores before consultation ......................................................................... 249 
Table ‎7.26: Average scores after group discussion  ................................................................... 249 
Table ‎7.27: Calculations for Directional Policy Matrix ................................................................. 250 
Table ‎7.28: Feedback on Selection Process............................................................................... 252 
Table ‎7.29: Feedback on Selection Criteria ................................................................................ 252 
Table ‎7.30: Feedback and Suggestions ...................................................................................... 253 
Table ‎7.31: Feedback from Suppliers ......................................................................................... 255 
Table ‎7.32: Participants of the Green Dragons’ Den Focus Group (GDDFG-2) for Study 3 ...... 258 
Table ‎7.33: Improved Indicators and scoring logic for Retailers’/Developers’ criteria ................ 260 
Table ‎7.34: Improved Indicators and scoring logic for Designers’/Constructors’ criteria ............ 260 
Table ‎7.35: Screening of IST Alternatives for Study 3 ................................................................ 261 
Table ‎7.36: Weightings (%) of Clients’/Developers’ selection criteria  (GDDFG-2) .................... 266 
Table ‎7.37: Combined AHP Comparison Matrix of Clients’/Developers’ Selection Criteria ....... 266 
Table ‎7.38: Weightings (%) of Designers’/Constructors’ selection criteria (GDDFG-2).............. 267 
Table ‎7.39: Combined AHP Comparison Matrix of Designers’/Constructors’                      
Selection Criteria ...................................................................................................... 268 
Table ‎7.40: Average scores before consultation ......................................................................... 269 
Table ‎7.41: Average scores after group discussion  ................................................................... 269 
Table ‎7.42: Profile of the Study 4 Respondents ......................................................................... 273 
Table ‎7.43: General Feedback on the framework ....................................................................... 274 
Table ‎7.44: Feedback on the framework’s methodology/techniques .......................................... 275 
Table ‎9.1: Established weightings from Pilot Study .................................................................. 308 
Table ‎9.2: Research Objectives covered in Phases and Chapters .......................................... 309 
 
 
  
XVII 
 
Acknowledgements 
First of all, I would like to thank the Almighty God, without whose blessings none of this 
would have been possible. The successful completion of this research would also not 
have been possible without the invaluable contribution and support of many people.  
I am greatly indebted to my academic supervisors, Professor Steve Goodhew and Dr 
Alba Fuertes for their valuable advice, guidance, support and suggestions throughout 
the research and writing-up process of my PhD. Without their help, this dissertation 
would not be what it is now. My special thanks to Dr Wei Pan for being instrumental in 
securing funding for this research, and to EPSRC and Wates for providing the funding 
for this project. I am really grateful to the support from my industry supervisors, Steve 
Spilsbury, Helen Bunch and Abi Cooke for their continuous support, encouragement 
and interest throughout the project. I am also grateful to the participants of the research 
who have supported and contributed to the research. 
Personally, and most importantly my sincere gratitude to my loving husband, Solomon 
for putting up with me, always being there and provided unconditional support and 
encouragement throughout the journey. Thanks for helping me make my dreams 
possible. I am forever grateful for the years we have spent together so far and look 
forward to what the future brings. And also to my lovely son Abbas, who always 
understood that mummy was busy and doing her homework in the university. Last but 
not the least, I would like to thank everyone who helped and supported me in any way 
over the course of this research; especially Celia Dangana and Denise Wilkins for 
read-proofing my publications and thesis; Dr Abimbola Windapo, Derek Prickett, Dr 
Paul Igwe and Dr Moji Olugbode who have guided me in the PhD journey; my fellow 
PhD researchers at Plymouth University, and all my friends. Finally, I would also like to 
thank Dr Chika Udeaja and Dr Steve Donohoe for examining the thesis and proving 
constructive comments and advice during my viva……….Thank You All………  
XVIII 
 
Dedication 
I would like to dedicate this thesis to my family especially to my parents, Dr Mir Abid Ali 
and Zahra Begum, and my husband Solomon and son Abbas. 
  
XIX 
 
Author's declaration 
At no time during the registration for the degree of Doctor of Philosophy has the author 
been registered for any other University award without prior agreement of the Graduate 
Committee. 
Work submitted for this research degree at Plymouth University has not formed part of 
any other degree either at Plymouth University or at another establishment. The 
research in this thesis is original and represents the author’s own work. 
This study was financed with the aid of a studentship from the Engineering Physical 
Science Research Council and carried out in collaboration with Wates Interiors and 
Retail. 
Relevant seminars and conferences were regularly attended at which work was often 
presented; several papers were prepared for publication. 
Publications: 
A comprehensive list of publications is contained in Appendix E of this thesis. 
Word count of main body of thesis: 71,500 
 
 
Signed: 
 
Date:
 1 
 
  Chapter 1
Introduction  
1.1 Introduction 
Innovative sustainable technologies (ISTs) can improve the energy performance and 
minimise the environmental impact of retail buildings. However, stakeholders in the 
retail construction industry face significant challenges when selecting appropriate ISTs. 
The selection of ISTs is a complex multi-dimensional decision-making problem made 
up of a number of aspects at different levels (economic, technical, environmental and 
social), involving multiple stakeholders with different priorities and objectives. This has 
led to the slow uptake of ISTs in the retail construction industry. 
This thesis describes the research undertaken through an Engineering Physical 
Science Research Council (EPSRC) CASE award to fulfil the requirements of a 
research degree (PhD) at Plymouth University in collaboration with a leading UK retail 
contractor (referred to as Company A in the thesis). Company A is one of the top 40 
specialist fit-out and refurbishment contractors in the UK working with leading retailers 
such as Marks & Spencer, John Lewis, ASDA and Tesco. Company A is keen to meet 
client demands for low carbon, sustainable retail buildings that could provide 
environmental, economic and social benefits. However, selecting ISTs from the range 
available is challenging due to the uncertain outcomes and their associated risks, 
which has led to the slow uptake of ISTs within the business. The research is based on 
the premise that Company A should adopt a systematic approach to convert the 
uncertainty and risk inherent in ISTs to potential opportunities and a source of 
competitive advantage. Therefore, the research aims to optimise the use of ISTs for 
existing retail buildings to reduce the energy use and carbon emissions, and improve 
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the process of delivering low carbon retail buildings. This will be achieved by 
developing a Decision Support Framework (DSF) for selecting ISTs to assist 
stakeholders in the complex decision-making process and to facilitate the uptake of 
ISTs in the retail construction industry. The proposed Decision Support Framework will 
provide a systematic approach to the problem faced by Company A and also contribute 
to the academic knowledge in this area which has yet to address the issue of selecting 
ISTs for existing retail buildings.  
This chapter describes and defines the research context, problem, questions, aim and 
objectives. An outline of the research methodology adopted is presented with an 
overview of the research contributions, as well as the structure of the thesis.    
1.2 Research Context 
1.2.1 Climate Change and the Built Environment 
Climate change due to greenhouse gas (GHG) emissions from anthropogenic and 
natural activities has been of global concern (IPCC, 2014). It is one of the greatest 
challenges facing the world today, with serious and global consequences for the 
environment, human health and economy (HM Government, 2014; Stern, 2006). 
Carbon dioxide (CO2) is the main contributor to climate change and accounts for nearly 
two-thirds of GHG produced by human activities (IPCC, 2014).  
A recent report by the Intergovernmental Panel on Climate Change (IPCC) shows that 
global emissions of greenhouse gases have risen to unprecedented levels despite a 
growing number of policies to reduce climate change (IPCC, 2014). According to the 
report, annual GHG emissions grew by 2.2% on average per year from 2000-2010, 
compared to 1.3% per year from 1970-2000, and were the highest in human history 
reaching 49 (±4.5) GtCO2eq/yr. in 2010. Therefore, the reduction of carbon emissions 
and energy use to combat the rising problems of climate change is a widely recognised 
issue across the world, requiring urgent and a coordinated global response (Hinnells, 
2008; Osmani et al., 2009; Stern, 2006).  
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It is recognised worldwide that the built environment plays a significant role in 
exacerbating the problems of climate change, as the construction of buildings and their 
operation have a significant impact on energy use and carbon emissions (GCB, 2013; 
HM Government, 2013; IPCC, 2014; Ozorhon et al., 2011; Stafford, 2011).  At a global 
level, buildings are responsible for about 30% - 40% of carbon emissions and account 
for more than 40% of energy consumption in most countries (IPCC, 2014; Kapsalaki et 
al., 2012; Stafford, 2011). The European Union estimates 50% of carbon emissions are 
from European countries (Rai et al., 2011). The Stern Review identified that buildings in 
the United Kingdom consume over 45% of UK energy usage and generate 
approximately 50% of GHG emissions (Stern, 2006). Although buildings are one of the 
largest energy consumers and carbon emitters and have a significant impact on the 
natural and built environment (Ekundayo et al., 2011; Zuo et al., 2012), they also 
present the most cost efficient source for the reduction of energy consumption and 
GHG emissions (IEA, 2012) and play a vital role in mitigating climate change (Shah, 
2012; Stafford, 2011). Whilst, there has been a lot of improvement in the built sector, 
there has still been an increase in total energy use in the last decade (Hinnells, 2008; 
HM Government, 2014). Provisional estimates for 2013 show that CO2 emissions (in 
the UK), which account for the majority of emissions in the buildings sector, increased 
by 2.5% to 97.0 MtCO2 (CCC, 2013). Therefore, the built environment is one of the key 
sectors targeted by the UK Government to improve the energy efficiency of both new 
and existing buildings (HM Government, 2014; LCICG, 2012).   
Sustainable construction is seen as a way for the construction industry to mitigate the 
effects of climate change. Over the last ten years, there has been a growing awareness 
and significance of sustainable development globally. One of the first definitions of 
sustainable development was made by the World Commission on Environment and 
Development and defined as ‘development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs’ (WCED, 1987). 
Although this definition is still used, various governments, professional bodies, 
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institutions and organisations have developed over 500 definitions (Shah, 2012). Most 
of the definitions are based on social, environmental and economic principles 
commonly referred to as ‘the triple bottom line’ and this will be used for the research 
(WCED, 1987). 
1.2.2 UK Government response to climate change 
The financial and regulatory framework supporting decarbonisation of the built 
environment are founded on the carbon reduction targets articulated within the UK 
Climate Change Act, itself driven by the EU 20/20/20 agenda and the UN Kyoto 
Protocol (CAT, 2010). The 2008 Climate Change Act set legally binding targets to 
reduce UK GHG emissions by at least 80% (below the 1990 baseline) by 2050. To 
achieve the long term target, four carbon budgets have been set from 2008–2027. The 
first three budgets (2008-2012; 2012-2017; 2018-2022) were set in May 2009 and will 
require GHG emissions to be reduced by at least 34% below the 1990 baseline by 
2020. The fourth carbon budget (2023–2027) was set in June 2011 and requires 
emissions to be reduced by 50% against 1990 levels. The fifth budget is planned to be 
set in June 2016. The carbon budgets represent the legally-binding targets for the total 
amount of GHG that can be emitted in the UK in a five year period.  
The progress on achieving these budgets and targets is monitored by the Committee 
on Climate Change (CCC). An annual progress report is prepared by the Committee 
which sets the: (a) progress that has been made towards meeting the carbon budgets 
and the target for 2050, (b) further progress that is needed to meet those budgets and 
that target, and (c) determines whether those budgets and the target are likely to be 
met (CCC, 2013).  
In its 2013 Progress Report the CCC confirmed the first carbon budget (2008–2012) 
was met; however, the subsequent budgets might not be met as the emissions from 
buildings are above the trajectory required by the CCC (WSBF, 2013). The report 
highlighted that carbon emission from buildings across all sectors (residential, 
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commercial and public) increased by 10% in 2012, with commercial buildings emitting 
9% more emissions than in 2011. The report stated there was limited energy efficiency 
improvement in the commercial and industrial sectors and recommends urgently 
improving the energy efficiency of buildings in the UK to meet future carbon targets and 
the UK’s 2050 carbon reduction plans. 
The UK Government has set ambitious targets to achieve zero carbon non-domestic 
buildings by 2019 and for all existing buildings to be nearly zero carbon by 2050 (HM 
Government, 2010). The numerous regulations and energy standards have already led 
to substantial improvements in the energy efficiency of new non-domestic buildings, as 
efficiency measures are relatively simple to integrate through better design, advances 
in technology and the stipulations of the building regulations (LCICG, 2012). Whilst 
significant work has been done to reduce emissions from new non-domestic buildings 
(such as improving the u-values of the building fabric, using energy efficient materials), 
very little work has been undertaken to improve the energy efficiency and carbon 
emissions of the existing stock (Leblanc et al., 2010; Stafford, 2011). New buildings 
have the potential to contribute to the reduction of energy use and carbon emissions in 
the future; however, they currently only contribute to less than 1% - 2% each year to 
the UK building stock (Leblanc, Nitithamyong & Thomson, 2010; Roberts, 2008; Wong 
et al., 2013; Xing et al., 2011). Therefore, to meet the challenging UK targets it is vital 
to improve the energy efficiency of the existing building stock (Carbon Trust, 2009). It is 
estimated that 70% of all existing buildings will still be in use in 2050; most of which 
predate the building regulations and were constructed when energy was less 
expensive, technologies were less advanced and environmental performances were 
rarely a priority (Stafford, 2011). The ENPER-TEBUC project final report provides an 
estimate of new build, replacement and renovation. The report suggests an annual 
replacement of 0.1% of existing stock in the UK, with renovation and refurbishment 
rates of about 2.9% - 5% for existing domestic buildings and 2% - 8% for existing 
commercial buildings, depending on their sector (Dick et al., 2004). According to a 
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study by Mackenzie et al. (2010), the returns (in terms of the cost of saving one tonne 
of CO2) are much larger in tackling existing buildings than focussing on new buildings 
alone. Therefore, improving the energy efficiency of existing buildings is a vitally 
important factor in the transition to achieving nearly zero carbon buildings; which can 
be realised at relatively low cost with high uptake rates (Ma et al., 2012).  
The process of improving the energy efficiency covers a wide range of activities from  
relatively minor works (e.g. decorating and updating minor elements of the building) to 
very significant changes to the fabric or internal layout of a building (Shah, 2012). 
Depending on the extent of improvement, they are commonly referred to as 
refurbishing, retrofitting, interior-fit out or renovating (Gohardani et al., 2012). Xing, 
Hewitt and Griffiths (2011) proposed a hierarchy process to achieve zero carbon non-
domestic buildings. They suggest first improving the fabric of the building, followed by 
replacement of existing equipments with more energy efficient ones and finally using 
micro generation technologies. 
According to the Zero Carbon Britain (ZCB) report, the energy demand of existing 
buildings could be considerably reduced to provide efficiency savings of approximately 
70% (CAT, 2010). Multiple studies (Carbon Trust, 2009; IPCC, 2007; UNEP, 2012) 
have shown that there is great potential to improve the energy efficiency of existing 
non-domestic buildings; much of which could be cost-effectively achieved by using low-
cost technologies and solutions which are currently available. Research conducted for 
the Intergovernmental Panel on Climate estimates that around 30% of the baseline 
CO2 emissions in buildings projected for 2020 could be mitigated (avoided) in a cost-
effective way globally, at no or even negative costs, if various sustainable technological 
options were introduced (IPCC, 2007). Similarly, the Carbon Trust (2009) estimates 
that reducing the carbon emissions from the UK’s non-domestic buildings by 35% by 
2020 could result in a net cost saving to the UK economy of more than £4.5 billion, 
using simple and cost-effective building technologies that exist today (Figure 1.1). 
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Figure 1.1: Cumulative net cost and carbon savings for non-domestic buildings (Source: Carbon 
Trust, 2009) 
There is a large, cost-effective potential for energy efficiency improvement, yet uptake 
has been poor throughout the commercial sector (GCB, 2013; LCICG, 2012; WSBF, 
2013). The historical emissions (1990-2006) from commercial and non-domestic 
buildings have remained roughly constant over the past two decades, as illustrated in 
Figure 1.2. 
 
Figure 1.2: Historical emissions from commercial and non-domestic buildings in the UK (Source: 
CCC, 2008) 
Similarly, the CCC (2013) report highlighted that there have been small increases in 
energy efficiencies in the commercial sector, based on recent data taken from Energy 
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Performance Certificates (EPCs) and Display Energy Certificates (DECs). An EPC is 
an asset rating and indicates how energy efficient a building is and its impact on the 
environment, while a DEC is an operational rating of a building that indicates how 
efficiently the current occupier uses the building. Properties are rated on a scale of A-G 
where an A rating is the most energy efficient. In 2013, 427,814 EPCs were issued and 
only 8% received a rating of B or above and more than 18% received the lowest (F and 
G) energy performance ratings (CCC, 2013). This indicates the scale of buildings that 
would require energy performance improvements. To achieve a carbon reduction target 
of at least 80% by 2050, the average DEC rating of non-domestic buildings in the UK 
will need to improve by approximately 4 ratings (Carbon Trust, 2009), as illustrated in 
Figure 1.3. 
 
Figure 1.3: Shift in DEC distribution to meet 80% reduction target (Adapted from Carbon Trust, 
2009) 
According to the Committee of Climate Change report, although 154,515 DECs have 
been lodged to date, only 20% of all DECs lodged are F and G-rated (CCC, 2013). As 
a result, buildings’ owners and occupiers are under increased pressure to reduce their 
energy use and carbon emissions. It would be impractical to demolish all the existing 
non-domestic buildings and subsequently rebuild new ones as it would require higher 
capital costs and would contribute to the problems of climate change (DECC, 2012).  
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There is a need to reduce the environmental impact of the existing stock, which can be 
achieved by using new building technologies (Gohardani & Björk, 2012). The use of 
ISTs can significantly reduce or eliminate the negative impact of retail buildings on the 
environment and occupant (Yudelson, 2009). The Low Carbon Innovation Coordination 
Group (LCICG) estimates the UK energy efficiency market was worth £17.5 billion in 
2012 and predicts that the global market for innovative products in the low carbon 
sector is set to be worth approximately £488 billion by 2050 (LCICG, 2012). Leading 
retailers are keen to explore and exploit the use of ISTs due to their economic and 
environmental benefits to the retail construction industry (BRC, 2014a). This is a 
business opportunity for retailers (reduced costs, reduced risks, higher returns, 
satisfaction, improved image, and future marketability) and also for other stakeholders 
(such as, investors, developers, designers, contractors and occupiers, owners and 
tenants (Yates, 2001). 
The research context has provided an overview of the problem and raises the question: 
‘What is preventing the implementation of the ISTs considered cost effective?’   
1.3 Research Problem 
Owners and managers of retail buildings have a number of incentives to improve the 
energy efficiency and sustainability of their assets, such as cost savings, easier/quicker 
lettings, differentiation, perception and increasing regulation to deliver low carbon retail 
buildings (IFS, 2015). Although building owners are keen to improve building 
performance, they face a number of barriers, including knowing which ISTs to 
implement and having sufficient confidence in the performance of ISTs within their 
building (ibid). According to Arroyo et al. (2012), there are very few decision-making 
methods able to select sustainable alternatives in the Architecture, Engineering and 
Construction industries, resulting in decisions made without formal discussion, rigorous 
analysis, or documentation. Currently, a problematic selection approach is used in 
which many construction professionals choose to make such decisions intuitively using 
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their own perceptions of established professional experience (Catalina et al., 2011; 
Nassar et al., 2003; Yudelson, 2009). In such cases, the evaluation process is very 
subjective and relies heavily on a manager’s experience and knowledge, as well as 
intuition (Wang et al., 2009). This has led to bias in the decision-making process, as it 
is based on only one issue (such as cost) and does not take into account other 
selection criteria or the influence on other systems of the building (Odhiambo et al., 
2010). ISTs can have significant implications for building performance and 
stakeholders’ satisfaction, creating long-term problems that can hinder their adoption 
(BRC, 2012; LCICG, 2012). It is therefore necessary to base sustainable technology 
selection decisions on a clear understanding and proper evaluation of the full range of 
implications associated with it. However, key stakeholders (clients, designers and 
contractors) face significant challenges in the selection of appropriate ISTs due to the 
rapid development of technologies, lack of skills and knowledge, uncertainties in the 
use of ISTs, a large number of technological alternatives and multiple stakeholders with 
conflicting selection criteria that need to be considered (Buchholz et al., 2009; Pitt et 
al., 2009; Reddy et al., 2004; Trianni et al., 2013; Wang et al., 2009). Also, the risks 
associated with the reliability and effectiveness of ISTs dissuade many professionals 
from specifying ISTs (Häkkinen et al., 2011; Pan et al., 2012; Pearce et al., 2002; 
Udeaja, 2002). This has influenced stakeholders towards tried and tested ISTs that 
have undergone a process of increasing returns (Foxon et al., 2008) rather than 
making the perceived ‘wrong’ selection of ISTs.  
As discussed, the complex decision-making task of selecting appropriate ISTs has led 
to the slow uptake of potential ISTs in the construction industry (LCICG, 2012; Rao et 
al., 2010). Consequently, approximately 90% of ISTs with the potential to improve a 
building’s energy efficiency are not selected by construction professionals (BRC, 2012; 
Carbon Trust, 2009; IEA, 2012). As a result ISTs often fall into a ‘chasm’, failing to 
reach the mainstream to provide the gradual confidence in a product which comes from 
repeated use, potentially missing opportunities to provide additional environmental 
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benefits and increasing returns (Foxon & Pearson, 2008). To reap these benefits, there 
is a need to bridge this gap; ensuring appropriate ISTs are selected and implemented 
(Balachandra et al., 2010).  
Contractors can facilitate the uptake of ISTs by playing a mediator role to help 
overcome this ‘chasm’ (Slaughter, 1998; Winch et al., 2007). Firstly, contractors are 
key stakeholders in the design and construction of retail buildings and play an 
important role in improving the building’s sustainable performance (Qi et al., 2010; 
Wong, Ng & Shahidi, 2013). Secondly, due to their strategic position between the 
supply (IST suppliers) and demand (retail clients), they can act as innovation brokers 
and promote the use of ISTs (Winch, 1998); which could lead to large scale adoption 
and implementation in the retail construction industry. Acting as an innovation broker 
can also provide multiple benefits for contractors, such as improving business 
performance, reducing environmental impact, providing a source of competitive 
advantage and increased profit (Dodgson et al., 2008; Fergusson et al., 2006; 
Shengbin et al., 2011). It can also provide an opportunity to create new markets, 
capture a substantial level of market share and differentiate the company from its 
competitors who are slower and more reluctant to adopt ISTs (Lim et al., 2010). 
However, to act as an innovation broker and facilitate the uptake of ISTs, contractors 
need to be convinced of their merits (Miozzo et al., 2002) and help their client make 
strategic decisions in the selection of potential ISTs. 
As with other stakeholders in the construction industry, contractors find the selection of 
appropriate ISTs challenging. The task of selecting ISTs is a complex, multi-attribute, 
multi-valued problem involving a large number of stakeholders with multiple, often 
conflicting, objectives (Løken, 2007; Wang et al., 2009). The selection process is 
difficult, time consuming, expensive and demanding, due to the large number of 
alternatives, high degree of uncertainty, ambiguity and associated risk (Lam et al., 
2010; Tidd et al., 2014). Selection is frequently made by trial and error or simply on the 
basis of past experience, leading to compromised and unpredictable outcomes (Jahan 
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et al., 2013; Tan et al., 2011a). In many instances contractors choose not to select 
ISTs due to the complex decision-making problems and uncertainties involved, as they 
are unable to quantify the benefits prior to implementation (Tan et al., 2011a; Tan et al., 
2011b). As a result, several ISTs are not selected by stakeholders due to the lack of a 
systematic process to manage technological innovation (Yu et al., 2009). This is a 
strategic gap that is not being fully exploited. It is an opportunity that stakeholders 
(such as the contractor) can explore to improve their sustainable performance, 
increase profits and competiveness, enter new markets and provide a source of 
differentiation and competitive advantage for the business.  
Previous research indicates that the use of new, efficient processes and knowledge of 
decision-making phases can assist in the selection of ISTs (Catalina, Virgone & 
Blanco, 2011; Häkkinen & Belloni, 2011), and also overcome the hindrances of using 
ISTs (Davoudpour et al., 2012). However, central to this is ‘knowledge’ to convert 
uncertainty to one of calculated risk (Tidd & Bessant, 2014). With greater knowledge, it 
is possible to take calculated decisions on whether to proceed or not. Therefore, to 
create the competitive advantages brought about by innovation it is vital that firms or 
industries acquire new technologies and increase their knowledge of the ISTs 
available. 
1.4 Research Questions 
The research problem identified as the ‘complex task of selecting appropriate ISTs’ 
leads to the emergence of a primary question: ‘How can the uptake of ISTs be 
optimised for existing retail buildings to reduce energy use and carbon emissions, and 
improve the process of delivering low carbon retail buildings?’  
To address the problem, the primary question is further broken down into the following 
secondary research questions: 
1. How can ISTs assist in achieving low carbon retail buildings? 
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2. Why is there a slow uptake of innovative sustainable technologies ISTs in 
existing retail buildings? 
3. What is the gap in current decision-making methods used in selecting ISTs for 
existing retail buildings and how can it be improved? 
4. How can the selection of ISTs be optimised to improve the uptake in the retail 
construction industry? 
5. Can the selection of ISTs be optimised by the use of a Decision Support 
Framework? 
1.5 Research Aim and Objectives  
This research project aims to optimise the uptake of ISTs for existing retail buildings to 
deliver low carbon retail buildings. The research will lead to the development of a 
Decision Support Framework (DSF) to assist stakeholders in the retail construction 
industry to select ISTs that would improve the uptake of ISTs for existing retail 
buildings. The Decision Support Framework will be based on a systematic approach, in 
which the technologies can be analysed, evaluated and finally compared to select the 
most suitable ISTs according to a set of criteria based on the objectives of the 
stakeholders.  
To achieve the stated aim, the key objectives are to: 
1. Review the current use of ISTs to achieve low carbon retail buildings. 
2. Identify the perspectives of various stakeholders on the drivers for and barriers 
to selecting ISTs for existing retail buildings. 
3. Review the current decision-making systems and methodologies used for 
selecting ISTs for existing retail buildings. 
4. Explore the available decision-making systems and methodologies and how 
they can be applied to the selection of ISTs for existing retail buildings. 
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5. Develop a Decision Support Framework to assist stakeholders select ISTs for 
existing retail buildings. 
6. Validate the Decision Support Framework in a real context, both in terms of the 
data included and the decision methods used. 
7. Validate the Decision Support Framework with academic professionals from the 
wider construction industry in the UK and abroad. 
1.6 Research Scope 
Although extensive research has been undertaken to reduce carbon emissions and 
improve energy efficiency for existing non-domestic buildings, it is sometimes difficult to 
generalise the findings to specific building types, such as schools, offices, retail 
buildings etc. The stock of non-domestic buildings is non-homogenous both within and 
between sectors and emission reduction approaches need to be tailored to specific 
building types (Shah, 2012). There is a need to focus on each building type taking into 
consideration the users and function of the building and their impact on energy use and 
carbon emissions. Therefore, this research focuses on the use of ISTs to improve the 
process, energy efficiency and carbon emissions in the retrofitting/refurbishment of 
existing retail buildings in the UK.  
The technologies will be innovative, these technologies could be new in the 
construction industry (such as kinetic energy floors) or existing technologies that have 
been used for other building types but are innovative for the retail sector (such as 
Hembuild has been used for other building types, but was innovative when used the 
first time for retail buildings). The technologies will also be sustainable and will have the 
following characteristics: potential to improve the energy performance and reduce the 
carbon emissions of retail buildings, and optimise the process of delivering low carbon 
retail buildings. Such as improving the resource efficiency, reducing refurbishment 
time, more efficient and effective construction methods and processes.  
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New build retail and other building types are outside the scope of this research, but are 
not excluded from the possible application of the Decision Support Framework. 
1.7 Outline of the Research Design and Methodology 
The research is applied, identifying and addressing real-world problems of direct 
interest to practitioners. Action research is an approach to applied social research in 
which the researcher and client collaborate in the development of a diagnosis of, and 
solution to, a problem (Bryman, 2012). Often the emphasis of action research is on the 
need to understand a total system in conducting the analysis. Therefore, action 
research was selected as the most appropriate underlying research approach for this 
study because this associates research and practice, so research informs practice and 
practice informs research synergistically (Avison et al., 1999).    
To capture the most from both qualitative and quantitative approaches, a multi-phase, 
mixed method approach was adopted as shown in Figure 1.4. The research was 
carried out in five phases with an on-going literature review. Within each phase, 
qualitative and quantitative methods were used concurrently or separately to provide a 
comprehensive analysis and generate new knowledge which will contribute to an 
understanding of the practical problem faced by professionals and the body of 
knowledge in the area. 
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Figure 1.4: Multi-Phase Mixed Method Approach 
The next section briefly explains the purpose of each phase of the research.  
1.7.1 Phase 1: Exploratory Study 
Phase 1 involved reviewing existing literature and an exploratory study was conducted 
with various stakeholders in the retail construction industry. The objectives were to: (a) 
review the current use of ISTs to achieve low carbon retail buildings (Objective 1) and 
(b) identify the perspectives of various stakeholders on the drivers for and barriers to 
selecting ISTs for existing retail buildings (Objective 2).  
The result of Phase 1 indicated there was a slow uptake of ISTs in the retail 
construction industry and also identified the main drivers for and barriers to selecting 
ISTs for retail buildings.  
1.7.2 Phase 2: In-depth organisational case study (Company A) 
As it would be difficult to work with all the stakeholders, Phase 2 focussed on a single 
Case Study with multiple embedded units (Company A) to explore the reasons for the 
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slow uptake of ISTs. The objective was to review the current decision-making systems 
and methodologies for selecting ISTs for existing retail buildings (Objective 3). A mixed 
method approach was used to understand; (a) the current state of using ISTs in 
Company A, (b) the process of selecting ISTs in a real context and to identify the 
limitations of the current selection process that contributes to the slow uptake of ISTs in 
the retail construction industry, and (c) analyse the innovation process of Company A 
to identify the strengths and weaknesses in the innovation performance of selecting 
ISTs. 
The result of Phase 2 confirmed that there is a slow uptake of ISTs in the retail 
construction industry and the underlying problem was identified as the lack of a 
systematic process for selecting ISTs for retail buildings. Results of Phases 1 and 2 are 
presented in Chapters 1, 2 and 5. 
1.7.3 Phase 3: Development of the Decision Support 
Framework  
Phase 3 involved the synthesis of the findings from Phases 1 and 2 to identify an 
appropriate research methodology that would provide a practical solution to the real 
world problem identified by both the literature review and the empirical studies. The 
objectives were to: (a) explore the existing decision-making systems and 
methodologies and how they can be applied to the selection of ISTs for existing retail 
buildings (Objective 4), and (b) develop a Decision Support Framework to assist 
stakeholders select ISTs for existing retail buildings (Objective 5).  
An extensive literature on the existing decision-making systems and the proposed 
methodology and methods used are presented in Chapters 3 and 4 respectively. A 
novel Decision Support Framework (DSF) to assist stakeholders in the retail 
construction industry select ISTs is presented and described in Chapter 6. 
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1.7.4 Phase 4: Validation of the Decision Support Framework 
with Company A  
Phase 4 involved a Pilot Study to test the proposed Decision Support Framework with 
Company A. The objective was to validate the Decision Support Framework in a real 
context; both in terms of the data included and the decision methods used (Objective 
6). The Pilot Study consisted of three sub-studies; the DSF was trialled (Study 1), 
followed by a feedback study to improve the DSF (Study 2) and test the improvised 
DSF again (Study 3).  
The results from the Pilot Study indicated the DSF was useful in assisting Company A 
in the complex task of selecting appropriate ISTs. Using the systematic approach, 
Company A selected eight ISTs during the Pilot Study that could reduce energy use, 
carbon emissions and improve the process of delivering low carbon retail buildings.  
1.7.5 Phase 5: Validation of the Decision Support Framework 
with the wider retail construction industry 
Phase 5 involved validating the proposed Decision Support Framework with academic 
professionals from the wider construction industry both nationally and internationally 
(Objective 7). The aim was to ensure the DSF was applicable to the wider construction 
industry and not limited to the organisational case study.  
Results of Phases 4 and 5 are presented in Chapter 7. 
1.8 Overview of research questions, objectives, 
methods, expected outcomes and contribution 
Table 1.1 shows an overview of the research objectives, where and how they are 
addressed in the thesis and the related contributions of the study to knowledge.  
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Table 1.1: Overview of research questions, objectives, methods, expected outcomes and research contribution
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1.9 Structure of the Thesis  
The thesis is organised into nine chapters. It starts with the introductory chapter, 
followed by two literature review chapters, a research methodology chapter, three 
results chapters, a discussion chapter and the concluding chapter. The contents of 
each chapter are briefly described as follows: 
Chapter 1: Introduction. This chapter introduces the reader to the challenge the 
research seeks to address, the aim and objectives of the research, and it outlines 
the overall research process and structure of the thesis.   
Chapter 2: Literature Review 1. This chapter provides a review of literature 
related to multiple topics that informed the scope of the research, such as the UK 
retail industry, the use of ISTs to deliver low carbon retail buildings, and 
stakeholders perceptions on the selection of ISTs. The review builds a theoretical 
foundation for the research. 
Chapter 3: Literature review 2. Whilst the previous chapter focuses on the 
broader discussion of low carbon retail buildings, this chapter concentrates on 
the decision-making processes for selecting ISTs to deliver low carbon retail 
buildings. The chapter presents a literature review of existing decision-making 
systems and methodologies applicable to the research problem. 
Chapter 4: Research Methodology. This chapter outlines the methodology 
applied to meet the aim and objectives of this thesis and to answer the research 
questions. This includes descriptions of the research design and research 
methods used, as well as the methods of data collection.  
Chapter 5: Understanding the selection of ISTs for existing retail buildings 
(Phases 1 and 2). This chapter first presents the results of an exploratory study 
that reveals stakeholders’ perceptions on the drivers for and barriers to the use 
of ISTs for existing retail buildings (Phase 1). Secondly, the result of an in-depth 
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organisational case study is presented which identify the underlying reasons for 
the slow uptake of ISTs in the retail construction industry (Phase 2).  
Chapter 6: Development of a Decision Support Framework to assist 
stakeholders in the retail construction industry to select ISTs (Phase 3). 
This chapter is devoted exclusively to the development of the Decision Support 
Framework and the methodologies adopted to assist stakeholders in the retail 
construction industry to select ISTs. The DSF is a combination of Analytical 
Hierarchy Process (AHP) and Directional Policy Matrix (DPM) and consists of 
eight steps. The chapter first explains the proposed DSF and justifies the use of 
AHP and DPM. Secondly, each step of the DSF is described in detail.  
Chapter 7: Validation of the Decision Support Framework (Phases 4 and 5). 
The purpose of this chapter is to validate the Decision Support Framework. The 
chapter first explains the application of the DSF using a case study to select ISTs 
(Phase 4), followed by a general validation with academic professionals from the 
wider construction industry (Phase 5). 
Chapter 8: Discussion. This chapter discusses the results presented in 
Chapters 5, 6 and 7 by addressing the research questions. The findings are 
integrated and discussed in relation to the existing knowledge previously 
revealed in Chapters 2 and 3.  
Chapter 9: Conclusions. This chapter presents the summary of the research 
findings in relation to the research objectives, and its contribution. The chapter 
concludes by presenting the research limitations and provides recommendations 
for further research and practice. 
The thesis is organised into nine chapters as illustrated, in Figure 1.5.  
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Figure 1.5: Thesis structure and organisation 
C H A P T E R  1 :  
I N T R O D U C T I O N
Research context and problems; aims and 
objective; the research questions and methods
C H A P T E R  2 :  
L I T E R AT U R E  R E V I E W
Use of Innovative sustainable technologies
to achieve low carbon retail buildings
C H A P T E R  3 :  
L I T E R AT U R E  R E V I E W
Decision-Making systems for the selection of 
innovative sustainable technologies
C H A P T E R  4 :  
R E S E A R C H  M E T H O D O L O G Y
Research Design, Approach and Methods
C H A P T E R  6 :  
Development of a Decision Support 
Framework to assist stakeholders in 
the retail construction industry to 
select ISTs 
C H A P T E R  5 :  
Understanding the selection 
of ISTs for existing retail 
buildings 
C H A P T E R  7 :  
Validation of the Decision 
Support Framework
C H A P T E R  8 :  
D I S C U S S I O N
Discussion of Results 
C H A P T E R  9 :  
C O N C L U S I O N S
Conclusion and Recommendations.
T H E O R E T I C AL  F O U N D AT I O N  T H AT  B U I L D S  T H E  R E S E AR C H
R E S U LT S
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Additional information relevant to this research is also presented in the appendices and 
they are divided into six main appendices: 
1. Appendix A: Contains the ethical approval application for the research. 
2. Appendix B: Contains all the questionnaire surveys used in the 
research study. 
3. Appendix C: Contains the documents and data collected during the 
Green Dragons’ Den Focus Group-1. 
4. Appendix D: Contains the documents and data collected during the 
Green Dragons’ Den Focus Group-2. 
5. Appendix E: Contains the researcher’s publications published to date. 
6. Appendix F: Recommendation and Proposal submitted to Company A 
for the next steps of the research. 
1.10 Summary 
This chapter has introduced the research context and identified the research problem 
and gaps in knowledge; which indicates there is a slow uptake of ISTs in the retail 
construction industry. The chapter suggests the need to investigate the process of 
optimising ISTs in the retail construction industry. The research aim, questions, 
objectives and scope for the study are presented, along with an outline of the research 
design, contributions to knowledge and the structure of the thesis. 
The next two chapters (Chapter 2 and Chapter 3) explore the research problem 
through a review of literature, which provides the secondary data and lays the 
foundation for theories and concepts drawn upon in this thesis. 
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  Chapter 2
Literature Review 1: Low Carbon 
Retail Buildings 
2.1 Introduction 
The literature review is presented in two chapters (2 and 3). Chapter 2 reviews 
literature on low carbon retail buildings and the use of ISTs to reduce energy use, 
carbon emissions and improve the process of delivering low carbon retail buildings. 
Chapter 3 reviews existing decision-making systems and methodologies for the 
selection of ISTs. The purpose of both chapters is to set the research undertaken in the 
context of work already carried out in the subject domain. A comprehensive review of 
both academic and industry literature is provided. It serves as the secondary data to 
gain a thorough understanding of the subject area and clarify the research context. 
This chapter first reviews the literature related to the UK retail industry in general, 
before concentrating upon the energy use and carbon emissions in the retail sector and 
the use of ISTs to assist the achievement of low carbon retail buildings. The review 
also discusses the influence and preferences of the key stakeholders and their 
perceptions in the selection of ISTs. It concludes by presenting a range of emerging 
issues in the selection of ISTs for existing retail buildings and fulfils the following 
research objectives: 
Objective 1: To review the current use of innovative sustainable technologies 
(ISTs) to achieve low carbon retail buildings. 
Objective 2: To identify the perspectives of various stakeholders on the drivers 
for and barriers to selecting ISTs for existing retail buildings. 
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2.2 UK Retail Industry 
The UK retail sector includes all businesses that sell goods to the public: large chains, 
department stores, independent stores and virtual stores. Retailing comprises all units 
of economic activity involved in the selling of new or used goods, predominantly to 
households (BIS, 2013). The established definition of retail by Burt et al. (2003) is ‘the 
junction between production and consumption’ and retail connects product 
manufacturers, consumers, employees, and communities together  (RILA, 2013).  
The retail sector is an important part of the economy and has a profound impact on the 
whole of our society. The sector employs over 10% of the UK workforce and 
contributes around £17.5 billion in taxes to the UK (BRC, 2012; Latchezar et al., 2007; 
UKTI, 2014). It improves the standard of living and increases employment 
opportunities; it invests and innovates, is responsible for anchoring urban regeneration 
in many parts of the country and embodies the spirit of competition (Burt & Leigh, 
2003). Therefore, the UK retail sector is significant to the UK economy.  
The British Retail Consortium  identified the following key facts about UK retail in 2013 
(BRC, 2014b):   
1. Retail is the UK’s largest private sector employer with around 3 million 
employees. 
2. The UK’s top 75 retailers employ two-thirds of the total workforce, while there 
are around 150,000 sole traders operating in the sector. 
3. UK retail sales totalled £321 billion, the 3rd largest in the world, after the USA 
and Japan.  
4. The value of internet retail sales was £32 billion, accounting for around 9% of 
total retail sales. 
5. The retail sector generates 8% of the GDP of the UK, and 5.2% of GVA.  
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6. 450,000 shops in the UK, owned by 300,000 retail enterprises (Retail enterprise 
is equivalent to the parent company, i.e. TESCO has over 1900 establishments, 
but is only one enterprise).  
7. Shops account for more than a third of consumer spending.  
8. 9% of all VAT-registered businesses in the UK are retailers, with the total 
number currently at 189,280. 
Retailing is also interconnected with many other sectors, which, in part, rely on the 
well-being of the retail sector (RILA, 2013). According to research by Templeton 
College Research (2004), retail formats are multi-dimensional in nature and can be 
viewed from a number of angles (dimensions), among which size and price of goods 
are the most often used criteria, as illustrated in Figure 2.1. 
 
Figure 2.1: Some Dimensions of Retail Format (Adapted from Templeton College Research, 
2004) 
Retail formats include the following: town centres and high streets, department stores, 
covered arcades and precincts, shopping centres, out of town developments, outlet 
villages, supermarkets, cooperatives and markets and on-line shopping (Yudelson, 
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2009). The changing nature of the UK retail industry is creating challenges for all the 
stakeholders in the sector.  
Retailers can be part of large multi-tenanted schemes, individuals on a common high 
street, large independent stores or out-of-town warehouses (Nick et al., 2011). There is 
a scale polarisation within the sector at both the business and the store level; the 
leading retailers are huge, multinational businesses which dominate the sector, 
operating a range of stores from major hypermarkets and supercentres through to 
small convenience stores (Burt & Leigh, 2003). Table 2.1 shows the top ten retailers in 
the UK by turnover in 2013 (Retail Economics, 2014).  
Ranking Retailer Sales £m 
(ex-VAT) 
Employees 
(FTE) 
Stores Sales Area 
000’s Sqft. 
1 Tesco Plc 43,579,000 180,500 2,620 38,435 
2 J Sainsbury Plc 23,303,000 115,122 1,205 17,750 
3 Asda Group Ltd 22,843,000 118,755 583 17,737 
4 WM Morrison 18,116,000 86,294 599 11,900 
5 Marks & Spencer Plc 8,951,000 79,500 700 15,400 
6 John Lewis Partnership Plc 8,470,000 54,921 425 3,926 
7 Co-operative Group Ltd 8,206,000 60,188 4,761 13,150 
8 Alliance Boots 6,547,000 35,975 2,490 7,230 
9 Home Retail Group Plc 5,475,400 18,302 1,075 8,810 
10 Kingfisher Plc 4,316,000 34,830 360 26,662 
Table 2.1: Top 10 UK Retailers (Source: Retail Economics, 2014) 
The key changes in retailing that have occurred within the UK over the past decade are 
indicated in a Working Paper presented by the Scottish Government and include: a 
decrease in total number of shops, new regional centres, growth of retail sales and 
floor space, an increase in small store formats and the number of large food and non-
food superstores, market concentration of retail sales in fewer businesses and 
larger/most competitive retail stores and locations (Scottish Government, 2007).  
Consumers and retailers are becoming increasingly conscious of sustainability, such 
as: the amount of energy, resources, and materials consumed during production and 
distribution; and the energy efficiency of retail buildings in which the goods are sold 
(BRC, 2012; Land Securites, 2012b; Ochieng et al., 2014; Spyrou et al., 2014). 
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Retailers understand that while pursuing more sustainable operations and products, 
sustainability provides several benefits for their business, the communities they operate 
in, people they touch, and the environment we all depend on (RILA, 2013). As a result, 
retailers have long been committed to sustainability, with the fundamental drivers 
related to environmental, economic, energy security and legislative factors. For 
example, since 2008 a group of leading UK retailers (including Tesco, Sainsbury’s, 
Morrisons) have signed up to a voluntary initiative, ‘A Better Retailing Climate’, that 
sets out their collective environmental ambitions. Retailers have initiated many actions 
to deliver their sustainability goals efficiently, such as in their supply chains, stores and 
the products sold (BRC, 2014a). According to the RILA (2013) report, the benefits 
include: (a) The development of more efficient business practices by retailers reducing 
energy, fuel, materials, waste, packaging, and other resources and improving their 
environmental and financial efficiencies. (b) Decreasing their dependence on natural 
resources. (c) Identifying and driving innovative business practices by sourcing new 
innovations. (d) Recruiting and retaining top talent, since strong sustainability programs 
attract and retain top employees by providing them with opportunities to positively 
influence society. (e) Entering new geographies by constantly reinforcing the value they 
bring to communities, beyond that of simple economic value or job creation. (f) 
Entrance to new product markets by developing products and services that cater for 
the growing green, natural, conscious and healthy consumer markets. (g) Improvement 
in reputation with industry stakeholders (RILA, 2013).  
The retail sector is facing economic, social and environmental challenges (BRC, 
2014a). Retailers are in a strong position to overcome these challenges (Retail Forum 
for Sustainability, 2009). They play a key role in sustainable production and 
consumption (BRC, 2012), by providing a link between producers and consumers 
(Land Securites, 2012b) and can influence all parts of the supply chain.  
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2.3 Energy use and carbon emissions in the retail 
construction industry 
Retail is one of the largest, most diverse industry sectors in the UK and one of the most 
dynamic industries of the economy (BRC, 2012); but it is also a significant consumer of 
natural resources and one of the largest producers of waste in the UK (Land Securites, 
2012a). The business of retailing comprises manufacturing, storage, distribution, 
packaging, store refits and involves several activities that have a direct impact on 
climate change, such as energy use in stores, leakage of refrigerant gases, food miles 
and packaging. Thus, the business of retailing contributes to global warming, waste, 
carbon emissions, landfill and pollution and this is further compounded by rising energy 
costs (Sinha, 2011). Rising energy prices and the effects of climate change are 
increasingly prompting retailers to steadily improve their energy efficiency.  
Almost half of the total CO2 emissions in the UK are associated with the energy used in 
buildings. Non-domestic buildings in the UK are responsible for around 18% of total 
emissions in the UK, of which 18% is from retail buildings, as illustrated in Figure 2.2.  
 
Figure 2.2: Breakdown of non-domestic buildings emissions by sector (Source: Carbon Trust 
2009) 
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According to the Green Construction Board, the highest emissions from the non-
domestic buildings are from the retail (GCB, 2013) as illustrated in Figure 2.3. 
 
Figure 2.3: Non-Domestic Regulated Carbon Emissions (MtCO2e) (Adapted from: GCB, 2013) 
Lighting represents approximately 40% of carbon emissions within the non-domestic 
sector and is responsible for 53% of carbon emissions in the retail sector alone (GCB, 
2013). Lighting is considered the most important factor in successful merchandising 
(Carbon Trust, 2012; WBCSD, 2009) and can improve the retailer’s sales by drawing 
customers attention to the shop, directing them within the shop, improving the use of 
space and encouraging people to spend more time in the shop. This could lead to a 
greater likelihood of sales and enhanced profitability for the retailer. Consequently, the 
retail sector consumes more lighting than any other commercial sector, making lighting 
one of the largest contributors to CO2 emissions in most retail stores and also one of 
the highest energy costs (Carbon Trust, 2012; Land Securites, 2012a).  
The British Retail Consortium estimates that retail accounts for around 3.5% of UK 
GHG emissions, with emissions from buildings, refrigeration and transport responsible 
for over 75% of this. Shopping centres contribute close to three million tonnes of CO2 to 
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the UK’s total emissions each year; equivalent to the emissions of nearly half a million 
homes (BCSC, 2012). 
The CO2 emissions due to energy use within a retail building arise from: space heating 
requirements (the heating system, controls and fuel used), water heating requirements 
(water heating system, controls and fuel used), air conditioning systems, food 
refrigeration, cooking energy and fuel used, and energy used for lights and appliances. 
The Green Construction Board 2013 report, indicated retail buildings were also the 
highest energy users in 2010 as illustrated in Figure 2.4. 
 
Figure 2.4: 2010 Non-Domestic Regulated Energy Use (TWh) (Adapted from: GCB, 2013) 
Retail interiors are designed to provide a comfortable environment; good lighting, 
comfortable temperatures and a good supply of fresh air encourages the customer to 
stay within the shop to purchase their goods, thereby increasing the shop’s profitability 
(Carbon Trust, 2012; Land Securites, 2012a). Energy is considered the lifeblood of 
retail buildings (RILA, 2013) and, unlike other building types, retail buildings can be 
ascribed a specific carbon profile and high usage of energy that is electrically based 
and this is potentially where the largest energy savings can be made (Carbon Trust, 
2010). Based on the building’s users and needs, electrically based zero/low carbon 
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technologies offer the best carbon reduction opportunities for retail buildings (WBCSD, 
2009). 
Reducing the energy use of retail buildings is considered a worthwhile investment by 
retailers in the UK, as it is good for both the environment and the business (BRC, 
2014a; RILA, 2013). The use of energy in retail buildings thus has an important 
business dimension as well as an environmental one. By reducing the energy 
consumption, significant reductions can be made to both the cost of energy to the 
business, and the amount of CO2 emitted to the atmosphere. For example, the Co-
operative Group has reduced GHG emissions from its operations by more than 40% 
since 2006 and aims for a further reduction of 50% by 2020. The retailer has reduced 
its impact on the environment by saving energy and also generated a cost saving of 
over £60m annually (BRC, 2012). Regardless of the retailer’s size, it is possible that 
any retailer improving the energy efficiency of its buildings would realise an immediate 
return. Carbon Trust (2012) states that a 20% cut in energy costs represents the same 
bottom line benefit as a 5% increase in sales. There is a general perception that 
sustainability costs more, but a study by Kats et al. (2003) suggests the costs and 
financial benefits of green sustainable buildings have a cost premium of only 2%. The 
savings can be reinvested into larger energy savings programmes to provide 
considerable additional savings for the retailer (Sinha, 2011).  
To mitigate climate change and reduce carbon emissions, the UK Government has set 
legally binding targets to reduce total GHG emissions of 34% by 2020 and of 80% by 
2050 from a 1990 baseline. Therefore, retail buildings will need to make a 56% 
reduction by 2030, relative to 1990 levels (Nick & Matthew, 2011). Figure 2.5 shows 
the UK policy timeline which outlines the Government’s strategy for reaching its target 
for new commercial buildings to be zero carbon by 2018 and existing buildings to be 
nearly zero carbon by 2050. The timeline and key dates provide an indication of the 
scale of the challenge facing the property sector as a whole and the retail property 
sector in particular. It is therefore necessary to reduce the overall carbon footprint of 
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the retail sector’s operations to create sustainable retail buildings (Land Securites, 
2012a; Land Securites, 2012b).  
 
Figure 2.5: UK Policy Timeline with key dates (Adapted from Nick and Mathew, 2011) 
The UK Government has introduced a number of policies in recent years to accelerate 
low carbon retrofit, some of which could be usefully applied to the retail sector, such as:  
1. Feed-in-Tariff (FiT): This came into operation in 2010 as a financial incentive 
from the Government to encourage the uptake of renewable electricity-
generating technologies. The scheme provides a minimum payment for the 
electricity generated (generation tariff) and exported (exporting tariff) to the local 
network. The FiT payments are set by the UK Government and depend on the 
type of technology and generator.  
2. Renewable Heat Incentive (RHI): The scheme started in April 2011 and aims 
to increase UK renewable heat levels for homes, businesses and public 
facilities from 1% to 12% by 2020 (BBP, 2010). It operates in the same way as 
the FiT and provides financial incentives for the usable heat generated.  
3. The CRC Energy Efficiency Scheme: is a mandatory carbon emissions 
reduction scheme launched on 1 April 2010 for UK businesses and public 
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bodies. The CRC scheme is the UK’s strategy to make businesses and the 
public sector improve their energy efficiency and reduce CO2 emissions. The 
scheme applies to large public and private non-energy-intensive organisations 
which consume more than 6000MW hours of electricity per year (BBP, 2010); 
approximating to an electricity bill of £500k and CO2 footprint of ~3000 tonnes 
(Ahi et al., 2013; Environment  Agency, 2014). The CRC scheme would help 
the UK reduce its greenhouse gas (GHG) emissions by 80% by 2050 
(compared to 1990 levels), as required under the Climate Change Act 2008. 
The scheme provides financial incentives to public and private organisations not 
covered by the EU-ETS cap and trade system or climate change agreements 
with the UK Government (BBP, 2010). The scheme places a ‘cap’ on the total 
allowances that can be used, and any emissions more than the limit would need 
to be purchased and are priced at £ per t/CO2. A league table of performance is 
published every year and encourages organisations to reduce their emissions. 
Retail accounts for more than 10% of CRC scope (CRC, 2014). The first 
performance league table was published on 8 November 2011 and includes the 
big four supermarkets in the UK: Asda, Morrisons, Tesco, and Sainsbury’s 
(Environment  Agency, 2014).  
Therefore, due to pressure from the government, legislation and consideration of ethics 
and corporate responsibility, and also the marketability of becoming more energy 
efficient, many retailers are now in competition to improve the way in which their stores 
consume energy and produce emissions. Hence, in the past five years, many retailers 
have started to invest further to make their stores more energy efficient by using 
sustainable technologies (Sinha, 2011). The retail sector provides a unique 
environment to promote sustainability, as it is strategically positioned between the 
production supply chain and consumers (Land Securites, 2012b). It acts as a 
gatekeeper for the goods and services offered to consumers and thus has the ability to 
strongly influence both the production and consumption aspects of environmental 
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damage (Schönberger et al., 2013). Thus, retailers can make a significant contribution 
to climate change mitigation whilst also saving on energy costs and building resilience 
to rising energy prices (BRC, 2012). This can be achieved by retailers looking at the 
energy use in store, cutting out wasted energy and using innovative solutions (DECC, 
2012). Also, the relatively frequent rate of refurbishment within the retail sector 
provides an ideal opportunity to incorporate energy efficiency measures at a low 
marginal cost to create low carbon retail buildings (Carbon Trust, 2008). 
2.4 Low Carbon Retail Buildings 
Low carbon retail buildings emit significantly less GHG than regular buildings and are 
more energy efficient. They are also called 'sustainable' or 'green' buildings which are 
designed and constructed with an emphasis on environmental, social, and economic 
priorities (Shah, 2012). According to Yudelson (2009), ‘sustainable buildings use 
design and construction practices that significantly reduce or eliminate the negative 
impact of buildings on the environment and occupant’. 
Gleason (2010) identified a number of environmental, social and economic factors as 
illustrated in Figure 2.6, which contribute to a truly sustainable retail building.  
 
 
Figure 2.6: Sustainable Retailing Factors (Source: Gleason, 2010) 
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Due to the environmental impacts of retail buildings, sustainability is becoming more 
mainstream and is a key driver of change in the retail sector (BRC, 2014a). For 
example, according to Retail Industry Leaders Association (RILA), retailers once 
considered sustainable retail buildings as ‘nice to have’, but due to both customer and 
regulatory demands they are now considered ‘must have’ (RILA, 2013).  
In ‘Securing the Future’ the UK Government emphasised that ‘Retailers both shape the 
sustainability of their supply chains and determine the range of products and services 
available to consumers and they also have a role to play in cutting down on energy, 
water use and waste in their own operations’ (HM Government, 2005). The retail 
industry thus plays a pivotal role in the quest for sustainability which extends beyond 
the buildings themselves. The 2011 Retail Forum for Sustainability annual report 
highlights sustainability as having an increasing impact on retailers due to burgeoning 
levels of legislation and a growing awareness among consumers (Retail Forum for 
Sustainability, 2011).  
Thus, even in a challenging economy, leading retailers are committing to sustainability 
and are continuing to expand their  sustainability platforms (Aberdeen Group, 2008). 
According to the British Retail Consortium 2012 report, retailers are innovating, 
investing in sustainable initiatives and working together to reduce their environmental 
impact (BRC, 2012). The report mentions that leading retailers are transforming their 
operations and embracing sustainable business practices to continue to be 
competitive, resulting in cost savings and optimised performance (Aberdeen Group, 
2008). The top ten largest UK retailers (Tesco, Sainsbury’s, Asda, Wm. Morrison, 
Marks and Spencer, John Lewis, Cooperative Group, Alliance Boots, Home Retail 
Group and Kingfisher) provide relevant information on their websites on the integration 
of environmental, social and economic sustainability in their business models. They 
believe that the integration of sustainability into their business model has a long-term 
positive impact on their growth (Jones et al., 2013; Ochieng et al., 2014), overall 
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business performance and minimises their costs and risks (Lukic, 2013). They are 
exemplars for other retailers to follow.  
2.4.1 Marks and Spencer (M&S) 
M&S is an exemplar leading UK retailer facing considerable challenges to reduction of 
its environmental impact. The retailer has embraced these as an opportunity to 
readdress its business model, to meet its ultimate goal of becoming the world’s most 
sustainable major retailer by 2015. The retailer sells general merchandise (clothing, 
home, beauty) and food, with more than 700 stores in the UK and 390 stores in 44 
countries around the globe. The retailer intends to create stores that have zero 
embodied carbon in construction; are made from 100% recycled material, which are 
100% recyclable when refurbished or no longer needed, have a net positive 
biodiversity impact,  and are resilient to climate change (M&S, 2014a). 
M&S published a report ‘How We Do Business Report 2012’ on the details of what they 
have achieved in 2012 (M&S, 2012). The company has also published a separate 
report sharing their lessons from the Plan A business case (Elman et al., 2014).  
According to the report, M&S launched Plan A in 2007 with 100 commitments to make 
the company more sustainable, and these were extended to 180 to be achieved by 
2015 (Elman & Barry, 2014). M&S launched Plan A 2020 in 2014, which consists of 
100 new, revised and existing commitments (M&S, 2014b). The retailer believes its 
capacity to innovate and add value to the business would have been limited by setting 
realistic reduction targets. Therefore, many of the Plan A targets were ambitious (such 
as carbon neutrality, zero waste to landfill). Their ambition, aiming for transformation 
and innovation rather than incremental change, signals a different mind-set to that of 
other retailers. Many retailers are discouraged from trialling innovative solutions due to 
the higher upfront costs and risks which can potentially sap confidence. To avoid these 
negative outcomes, M&S has piloted innovative sustainable solutions at a local level 
and trialled them in a small number of stores to establish the successful solutions that 
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can be rolled out on their other stores. This was achieved by developing a central ‘Plan 
A Innovation Fund’ to support innovative initiatives that are too risky or too long term for 
business unit expenditure. The innovation fund has supported over 70 projects and 
M&S has emerged as a leader and early adopter of innovative solutions and sets an 
example for other retailers to follow. To date, Plan A has generated a net financial 
benefit of £70m and has achieved 105 of the set commitments. M&S has also 
improved energy efficiency by 23%, reduced carbon emissions by 13% (or over 
100,000 tonnes of CO2e), waste by 34% and recycling levels by over 98% (M&S, 
2014b). Plan A has thus provided both environmental and financial savings to the 
business (Elman & Barry, 2014). 
As part of Plan A, M&S is building a series of sustainable learning stores with an aim to 
experiment with innovative sustainable technologies in a live environment (trial) to see 
which work best (learn) and to eventually embed the successful technologies as part of 
their general store specification for roll out across their property portfolio (roll-out). This 
is an opportunity for the retailer to try new technologies and new ways of working. The 
first M&S ‘Sustainable learning store’ was a new 12,400 sq. ft. Simply Food M&S store 
in Sheffield. The store was opened in August 2011, built from scratch on an old petrol 
station site. Waste from the demolished building was recycled and reclaimed bricks 
from a local mill were used to build the outer shell. All aspects of sustainability were 
integrated in the store, such as: climate change, waste, natural resources, fair 
partnership, health & wellbeing and they also involved customers in the journey. The 
store was designed to BREEAM excellent standards and incorporated a range of 
innovative sustainable solutions, as illustrated in Figure 2.7. 
 Figure 2.7: ISTs used in M&S Sustainable Learning Store at Ecclesall Road, Sheffield (Source: Company A, 2012) 
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The M&S learning store provided both environmental and economic savings, such as:  
1. 100% FSC timber was used for the shell and fit out - a first for M&S and the 
retail sector.  
2. 100% LED lighting which use 25% less energy than conventional lighting. 
3. Use of glass doors on mobile fridges to achieve a predicted energy saving of 
45%. 
4. Sun pipes were used to provide natural lighting to the shop floor. 
5. 100% of the heating in the store was provided by expelled heat from its 
refrigeration units. 
6. A sedum roof and green ‘living wall’ created wildlife habitats, contributed to the 
insulation of the building and acted as a pollution filter. 
7. 99.4% of site waste was recycled. 
8. Polished concrete floor was used to reduce the need for additional materials, 
thereby reducing the embodied carbon in the store. 
9. Use of natural ventilation in the stock room and staff areas rather than air 
conditioning. 
10. The store achieved an overall reduction of 12.3% in embodied carbon. 
A post occupancy evaluation of 32 different Plan A features of the store resulted in 
recommendations to roll out 16 features (50% of total) where applicable; 10 features 
(31%) required further investigation and 6 features (19%) were not recommended for 
roll out (Company A, 2013b). The learning store has provided an opportunity to try new 
things, invest in sustainable innovations/technologies, processes and systems, and, 
where successful, embed them into the way that M&S does business.
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Using the lessons learnt from this store, M&S has opened two other learning stores. 
The second store was opened in September 2011; it is the third largest M&S store, 
measuring 136,000 sq. ft. (about 12,634 Sq. m) and is located in one of the largest 
urban shopping centres in Europe – Westfield Stratford City in London (M&S, 2014a). 
The store incorporates sun pipes and a hydrocarbon refrigeration system (the company 
aims to completely eliminate HFC refrigeration systems from its stores by 2030).  
The third learning store opened at Cheshire Oaks in August 2012 and is designed to be 
the most carbon efficient, M&S store to date. Sustainability was considered in every 
aspect of the design and it achieved a BREEAM ‘excellent’ rating. It is the first retail 
store to use a new sustainable cladding system for its external walls and, if proved 
successful, this will be included in their standard specifications (M&S, 2014a). This 
could also encourage other retailers to adopt the innovative cladding system and other 
pioneering solutions. 
2.4.2 Sainsbury’s 
Similarly, Sainsbury’s is also trialling new sustainable technologies to reduce its 
operational energy and carbon emissions. Sainsbury’s is one of the largest retailers in 
the UK, with 1107 stores (consisting of 582 supermarkets and 525 convenience 
stores). The demand equivalent of energy use for a single supermarket of the retailer is 
equivalent to the energy demand of 1,000 homes pa and one convenience store is 
equivalent to the energy demand of 100 homes. CRC places Sainsbury’s fourth in 
terms of energy use and carbon emissions. As part of its 2020 sustainability plan, 
Sainsbury's is committed to reducing absolute operational carbon emissions of 30% by 
2020 compared to 2005 levels. The retailer accomplished an energy reduction of 51% 
in new buildings and 54% in retrofitting and refurbished buildings in 2012/2013 
compared to 2005/2006 levels. An average energy reduction of 14% was achieved 
across 250 convenience stores; this was equivalent to the annual energy use of 40 
convenience stores. An energy reduction target of 25% was set in 2012, but the 
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company exceeded the target of delivering a 31% reduction in CO2/m
2 against 2005/06 
levels. This was achieved by the retailer trialling a range of innovative sustainable 
solutions in stores, with successful solutions then rolled out in future stores and 
extensions (Sainsbury's, 2013).  
The information about the exemplar retailers was compiled from their websites and 
online sources. It provides evidence that some leading retailers are committed to 
reducing their environmental impacts and have established themselves as innovators 
in environmental sustainability (RILA, 2013). They are not only responding to 
mandatory policies and regulations, but are also signing up to voluntary schemes such 
as the British Retail Consortium’s ‘A Better Retailing Climate’ (BRC, 2012). This 
initiative, launched in 2008, sets out the collective environmental ambitions of a group 
of British retailers. The group first set five targets in 2008 to achieve by 2013, to reduce 
the direct environmental impact of the retail sector in relation to buildings, refrigeration, 
transport, water and waste. A recent report by BRC (BRC, 2014a), states that all the 
targets were exceeded and outlines a new set of challenging voluntary targets and 
commitments that have been agreed for the period 2014-2020. Table 2.2 illustrates a 
summary of the targets set in 2008, the achievements of 2013 and new targets for 
2020. 
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Targets Targets set for 
2008-2013 
2013 Progress 2020 Targets 
Buildings: To cut energy 
related emissions from 
buildings  
Reduce 25% by 2013 Exceeded target and 
achieved 30% reduction 
Reduce 50% by 
2020 
Refrigeration: To reduce the 
total GHG emissions from 
supermarket refrigeration  
Reduce 50% by 2013 relative 
to floor space (tonnes CO2e) 
Exceeded target and 
achieved 55% reduction 
Reduce 80% by 
2020 
Transport: To reduce 
energy-related carbon 
emissions reductions from 
store deliveries  
Reduce by 15% by 2013 
compared with 2005 levels. 
Exceeded target and 
achieved 29% reduction 
Reduce 45% by 
2020 
Water: To measure water 
usage in sites 
Collectively anticipated as 
accounting for at least 75% of 
usage 
In 2013, 83% of water use 
was measured, up from 
50% in 2005 
To measure 100% 
of water usage on 
sites 
Waste: To divert waste from 
landfill to landfill 
Aim less than 15% of waste is 
landfilled by 2013, with longer 
term aspiration to achieve 
zero waste 
In 2013, signatories sent 
6% of waste direct to 
landfill, down from 47% in 
2005 
To send less than 
1% of their waste to 
landfill 
Table 2.2: BRC targets for retail buildings (Adapted from: BRC 2014) 
2.4.3 Other Retailers 
It is evident from the British Retail Consortium 2013 report that leading retailers have 
used great initiatives and made huge progress in reducing their environmental impact, 
for instance:  
1. Asda aims to reduce 35% in carbon emissions from existing stores, depots and 
offices and 60% reduction from new stores by 2015 against a 2005 baseline. 
The retailer also aims to reduce its refrigerant leakage rate to 8% by 2015 (this 
target has already been achieved, with a gas leak rate of 7.5% in 2013) and an 
annual average leak rate of just 2.6% in new stores. The retailer is investing 
£10-£15million every year to improve the energy use across its properties and 
has achieved a saving of £41.9 million. 
2. The Co-operative aims to reduce GHG emissions by 50% by 2020 and has 
already achieved an absolute reduction of 43% since 2006. The retailer trialled 
installing doors on fridges in its food stores and this resulted in approximately 
20% savings of the total energy used in each store. Following the success of 
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the trial, doors have been installed on 298 Food stores, and this will be rolled 
out to 2000 stores by 2020. The retailer has reduced its energy consumption by 
38% since 2006, and achieved a cost savings of £63m annually. 
3. Tesco has made significant progress in reducing its emissions from 
refrigeration, achieving an absolute reduction in refrigerant gas emissions of 
16%, against a backdrop of an 84% increase in store space in 2013. This was 
achieved by; (a) Better monitoring and improved maintenance procedures to 
reduce leakages (b) Using alternative HFCs with a lower global warming 
potential compared to the standard ones and (c) Installing natural refrigeration 
systems, such as carbon dioxide, instead of HFCs. By 2015, Tesco aims to 
start phasing out HFC refrigerants and is working with the other members of the 
Consumer Goods Forum to overcome the barriers to widespread roll out in the 
industry.  
4. Sainsbury’s aims for a reduction in operational carbon emissions of 30% 
absolute by 2020. The retailer has already achieved a 2.4% absolute reduction 
by investing in low carbon technologies. 
5. Retailer WH Smith installed LED lighting across its high street stores to improve 
energy efficiency and achieved a reduction of 20%; as lighting accounts for 
nearly half of a store’s energy consumption for the retailer. This has resulted in 
electrical energy savings of over 15 million kWh annually and equivalent to over 
8,000 tonnes of carbon; the environmental benefit of offsetting the emissions of 
over 5,000 typical cars. 
Many retailers are focussing on refurbishing and retrofitting their existing stores to the 
standards of their new stores rather than building new stores; as it is easier, cheaper 
and more sustainable (BRC, 2014a). The key drivers are to improve their store format 
and increase the shopping experience, with an overall aim to reduce their energy 
consumption and operating costs. According to a market research report (Company A, 
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2013a): (a) M&S plans to refurbish and roll out a new store format in 700 stores and 
build only 12 new out-of-town developments over the next five years. (b) ASDA 
refurbished 43 of its existing stores and built only 25 new stores and 3 depots in 2012. 
(c) Tesco improved 430 stores in 2012-2013 (representing 25% of its UK store space) 
through a comprehensive refurbishment program and plans to reduce its net new 
space growth by 38% (Company A, 2013a). (d) The interior refurbishment and fit-out 
market in the UK was worth approximately £7.1bn in 2013 and is estimated to be over 
£8.5bn in 2018. (e) The interior refurbishment and fit-out market is estimated to grow 
further due to increasing focus on major refurbishment and fit-out projects in the 
commercial sector; with the retail sector accounting for around 20% share of the 
market value. The report highlights a market growth in 2013 with an increasing trend 
towards refurbishment and retrofitting (Company A, 2013a).  
Minimising and managing energy demand provides potential significant benefits to both 
the environment and retailers. It is also an important opportunity for retailers in terms of 
achieving both business competitiveness and national targets (Spyrou et al., 2014). 
The British Retail Consortium report provides evidence of the retail sector making good 
progress, with many retailers setting challenging internal targets to reduce their energy 
use and carbon emissions (BRC, 2014a). Retailers are leading the way in improving 
resource efficiency and also reducing their environmental impact. According to 
Company A (2010), leading retailers like M&S have proved the cost and retail benefits 
of sustainable stores and are at the most proactive end of the spectrum, motivating 
others to follow suit.  
The  global demand for energy is expected to increase by more than 30% between 
2010 and 2035 (IEA, 2012), with increasingly demanding building regulations, and 
stakeholders’ requirements demands for sustainable buildings that minimise 
environmental impact. Therefore all retailers are paying increasing attention to store 
sustainability; laggards and leaders are both forced to move forward. These pressures 
will require the construction industry to be innovative in their products and construction 
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processes to deliver the specified environmental sustainability performance levels 
(Gambatese et al., 2011; Ozorhon, Abbott & Aouad, 2011). Such challenges have 
resulted in increased attention to new technologies and the application of technologies 
in new ways by stakeholders. Thus, the use of innovative sustainable technologies 
(ISTs) can be a vital strategy for the retail construction industry to ‘increase 
productivity, develop new markets, improve corporate image and ultimately attain 
competitive advantage’ (Claudy, 2011).  
The next section first explains ‘innovation’ in general and links it to the construction 
industry, followed by clarifying ISTs in the context of the research and assessing the 
diffusion and adoption of ISTs by stakeholders in the retail construction industry.  
2.5 Innovation 
Innovation has been described variously as the successful exploitation of both new and 
existing ideas, practices and technologies that are new to a firm (DTI, 2007); the 
creation and adoption of new knowledge to improve the value of products, processes, 
and services (Ozorhon, Abbott & Aouad, 2011); or the profitable exploitation of ideas 
that can provide competitive advantage (DTI, 2007). Innovation is defined as the 
introduction of new (or improved) products or services resulting from technological, 
organisational, financial and business activities (Dodgson, Gann & Salter, 2008). 
Ozorhon et al. (2010) described innovation as a complex and multidimensional process 
that has gained attention in all fields due to its contribution to economic growth, 
competitiveness and quality of life. Innovation is a major source of competitive 
advantage for firms (Lim, Schultmann & Ofori, 2010; Ozorhon et al., 2010; 
Panuwatwanich et al., 2012) creating export opportunities that could contribute up to 
approximately £1.7bn to GDP to 2050 (LCICG, 2012).  
Innovation scholars have presented a variety of definitions and models of innovation in 
construction (Ozorhon et al., 2010; Qi et al., 2010). Ling (2003), defined innovation in 
construction as a new idea that is implemented in a construction project with the 
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intention of deriving additional benefits, although there might also be associated risks 
and uncertainties'. The new idea may refer to new design, technology, material 
component or construction method deployed in a project (Dodgson, Gann & Salter, 
2008). Innovation in the construction industry involves the successful development 
and/or implementation of new ideas, products, processes or practices to increase 
organisational efficiency and performance aimed at solving problems, viewing things 
differently or enhancing standards of living (DTI, 2007).  
The construction industry can benefit from the diverse benefits offered by innovation 
(Bunduchi et al., 2011; Ozorhon et al., 2010; Panuwatwanich & Stewart, 2012) by 
adoption of new methods to improve processes and organisational effectiveness 
(Balachandra, Kristle Nathan & Reddy, 2010; Ozorhon et al., 2010). Innovation in the 
construction industry is driven by regulations, client demand, skills supply, and the 
structure of the industry (Qi et al., 2010). From the perspective of the construction 
industry, innovation consists of three domains viz. product, process and organisation 
(Ozorhon, Abbott & Aouad, 2011) and can be broadly classified as either 
‘organisational  innovation’ or ‘technological innovation’ (Bunduchi, Weisshaar & Smart, 
2011). Organisational innovation results in the introduction of changes to the 
organisational structure, the introduction of advanced management techniques, and the 
implementation of new corporate strategic orientations and technological innovations 
which are either new products or processes (Ozorhon et al., 2010).  
IPCC suggests that the overall environmental performance of buildings can be 
improved by reducing operational energy and embodied energy consumption and 
utilising sustainable technologies (IPCC, 2014). Similarly, Dakwale et al. (2011) 
suggest that the energy efficiency of buildings can be improved by creating awareness, 
providing financial benefits (e.g. incentives, discounts) and using sustainable 
technologies.  The use of sustainable technology emerges consistently as ‘one of the 
vehicles to enhance sustainability in the built environment’ (Odhiambo & Wekesa, 
2010). It is used to solve the continuing concerns and problems of climate change 
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(Bunduchi, Weisshaar & Smart, 2011) and used as a strategy by construction 
professionals to reduce energy use, carbon emissions and to design sustainable 
buildings (Elman & Barry, 2014). 
2.5.1 Innovative Sustainable Technologies (ISTs) 
Sustainable technology (ST) is not a new concept but is similar to the concept  of 
‘appropriate technology’ (i.e. technology designed with special consideration for the 
environmental, ethical, cultural, social and economic factors) that evolved in the 1970’s, 
but has recently gained importance due to the increasing negative impacts of human 
activities on the planet and the desire to promote sustainable development (Odhiambo 
& Wekesa, 2010).  ‘Sustainable technology’ (ST) is defined as technology that provides 
for our current needs without sacrificing the future ability of populations to sustain 
themselves (Hmelo et al., 1995). Sustainable (building) technologies include concepts 
and products that provide significant improvements in terms of the use of resources, 
harmful emissions, life-cycle costs and productivity, and building performance 
(Häkkinen & Belloni, 2011). These technologies can support and contribute to 
sustainable buildings by reducing risk, enhancing cost-effectiveness, improving 
process efficiency, and creating processes, products or services which have minimal 
adverse impact on the environment (Balachandra, Kristle Nathan & Reddy, 2010).  
There is a demand for ISTs (Carbon Trust, 2008; Elman & Barry, 2014; Gohardani & 
Björk, 2012) that are more energy efficient and effective than the current technologies 
used. Innovation in energy technologies for buildings is essential to achieve the 
ambitious challenging goal of an 80% reduction in greenhouse gas emissions by 2050 
(LCICG, 2012). This will require a massive technological change (use of ISTs) in the 
way we heat, light and perform a range of tasks in the buildings (Hinnells, 2008; Yeo, 
2014). According to ‘Technology innovation needs assessments’ report, innovative 
energy saving measures in non-domestic buildings could save 18MtCO2 by 2020 and 
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86 MtCO2 by 2050, depending upon the rate at which the measures can be deployed 
(LCICG, 2012).  
There are several ISTs available that can provide solutions to the problems of climate 
change (Balachandra, Kristle Nathan & Reddy, 2010; Rao & Kishore, 2010), by 
providing reductions in energy use and carbon emissions and also distinct and 
sustainable competitive advantages for the stakeholders (Shengbin & Bo, 2011). 
However, there is an increasing gap between available ISTs and the actual number of 
buildings incorporating ISTs (Carbon Trust, 2012; Hinnells, 2008; Yang et al., 2001). As 
discussed earlier, previous studies indicate that about 90% of ISTs are not even 
considered by potential adopters (Carbon Trust, 2009; LCICG, 2012); despite the 
accepted advantages of ISTs and their exhibited performance (Tsoutsos et al., 2005) 
and numerous policies and legislations that encourage the adoption of ISTs (Hinnells, 
2008). Hence the diffusion of ISTs is not yet sufficient to realise the environmental and 
financial savings (Berardi, 2013; Pinkse et al., 2009). According to Balachandra, Kristle 
Nathan and Reddy (2010), the ‘realisation of the potential of ISTs does not depend on 
their mere presence but on their application at large’. Thus, the value of ISTs can be 
realised only when they are diffused and adopted by stakeholders (Alkemade et al., 
2012; Egmond et al., 2006).  
2.5.2 Diffusion and adoption of ISTs in the retail construction 
industry 
The diffusion of innovation is a widely-studied phenomenon. The innovation diffusion 
theory introduced by Rogers (2003) is the most frequently cited publication in this field. 
The diffusion process involves the communication of an innovation (i.e. ISTs in this 
case) and its perceived advantages, and results in changes in the structure and 
function of a social system (ibid). Egmond, Jonkers and Kok (2006), explains the 
diffusion of an innovation starts with the innovators and early adopters, is eventually 
followed by the early and late majority and ends with the laggards. Bunduchi, 
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Weisshaar and Smart (2011) describes the adoption of innovation in organisations as a 
staged process involving: generation of an innovative idea, acceptance of that 
innovation represented by an organisational mandate to change and, its 
implementation so that the innovation becomes ingrained within the organisation. From 
a consumers point of view, the diffusion of technology can be described to have five 
distinct stages: knowledge, persuasion, decision, implementation and confirmation 
(Rogers, 2003). 
The diffusion and adoption of ISTs is a complex process and depends on a number of 
factors (Beerepoot et al., 2007; Femenias et al., 2011; Meade et al., 2004; Trianni, 
Cagno & Worrell, 2013). The diffusion of ISTs follows an S-curve as illustrated in 
Figure 2.8.  
 
Figure 2.8: S-Curve of technology diffusion (Source: Balachandra et al. 2010) 
The life of ISTs starts with a learning phase in which the adoption is slow, followed by 
the growth phase in which the adoption speeds up and the technology gradually enters 
the saturation phase when it is implemented on a large scale. Gradually the adoption 
slows down on entering the decline phase with the displacement by other new 
technologies. Rogers (2003) explained that the rate of adoption of an innovation is 
determined by its relative advantage, compatibility with existing systems, complexity, 
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trial-ability and its observability by potential users. Therefore, ISTs adopted in retail 
buildings have to demonstrate some relative advantage, they need to be compatible 
with the existing construction, it should be possible to try the technology and they 
should be easy to install and operate (Andrews et al., 2009). Mlecnik et al. (2010) 
explains the rate of adoption can be improved if the perceived advantage is greater and 
if there is an opportunity to trial an innovation on a partial basis and suggests they are 
more likely to be adopted if stakeholders can see results.  
The diffusion and implementation of ISTs in the retail construction industry is affected 
by stakeholders’ willingness to adopt and they are categorised as: innovators, early 
adopters, early or late majority or laggards (Rao & Kishore, 2010).  
1. Innovators in the retail construction industry develop new ideas and products. 
For example, suppliers of innovative technologies who often spend a lot of time 
developing new products. 
2. Early adopters are risk takers and pioneers in adopting a new technology very 
early in the diffusion process and do not need much persuasion to adopt 
(Balachandra, Kristle Nathan & Reddy, 2010). For example, retailers like M&S, 
Sainsbury’s and Tesco are early adopters; they are experimenting with ISTs 
and are on the lookout for innovation and tend to follow innovators from the 
early stages. Such early adopters learn about the technology, are persuaded by 
its merits and decide to adopt and purchase it, and if they are satisfied with the 
results will roll out the technology across their stores, otherwise it will be 
rejected (Balachandra, Kristle Nathan & Reddy, 2010). For example M&S is 
designing the learning stores and forming an independent test bed for other 
adopters to follow. 
3. The Early Majority tend to follow the early adopters. Robinson (2009) 
describes this group as pragmatists, cost sensitive and risk-averse, who are 
looking for simple, proven and better ways of what they are already doing. He 
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explains they have a preference for ‘plug-and-play’, ‘user-friendly’ and ‘value for 
money’ innovations and they would only accept an innovation if it can prove the 
benefits. Robinson further suggests encouraging such stakeholders to adopt 
ISTs by: lowering the entry cost with guaranteed performance, offering give-
aways, or by using proven case studies. 
4. The Late majority are conservative pragmatists who avoid risk and are 
uncomfortable with a new idea (Robinson, 2009). They tend not to adopt an IST 
until it has been adopted by the majority and are driven by competitive pressure 
(Egmond, Jonkers & Kok, 2006). Such stakeholders can be encouraged to 
adopt ISTs by emphasising the risks of not adopting, and also refining the 
innovation to increase convenience and reduce costs (Robinson, 2009).  
5. Laggards consider ISTs to be a high risk and resist adopting the technology 
until the very end, if ever. They will not adopt an innovation unless it is  
enforced due to binding regulations, policies or client demand (Egmond, 
Jonkers & Kok, 2006). 
Due to the differences in their willingness to adopt, the cumulative number of adopters 
of ISTs over time follows an S-shaped curve as shown in Figure 2.9. 
 
Figure 2.9: The adoption of ISTs (Source: Egmond et al. 2006) 
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The diffusion of ISTs is a complex process characterised by uncertainties, high risks, 
large investments and late returns on investment (Alkemade & Suurs, 2012). 
Therefore, in practice, diffusion of ISTs does not move as smoothly as indicated on the 
S-shaped curve,  but has discontinuities which cause diffusion to stop before reaching 
the next segment of adopters (Egmond, Jonkers & Kok, 2006). ISTs are first adopted 
by the early market actors driven by a visionary attitude; however, to ensure their large 
scale implementation they must be adopted by the much larger mainstream market 
whose actors are driven by a pragmatic attitude. Many ISTs face slow rates of diffusion 
in mainstream markets (Rao & Kishore, 2010). This is because many ISTs only appeal 
to the visionary early market and do not meet the more pragmatic needs of the 
mainstream (Egmond, Jonkers & Kok, 2006). Many stakeholders associate ISTs with a 
higher upfront cost and uncertainty of performance. This may result in the preference 
for existing technologies that have proven results and undergone a process of 
increasing returns. Hence, ISTs often fail to reach the mainstream as they fall in a 
chasm between the early market and the mainstream, as illustrated in Figure 2.10. 
There is a need for bridging segments to allow ISTs to be tried, which would eventually 
provide a gradual confidence in the ISTs and also provide increasing returns (Foxon & 
Pearson, 2008). 
 
Figure 2.10: Technology Adoption Life cycle (Source: Meade et al. 2004) 
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The lack of adoption of ISTs is widely recognized and often called the ‘energy-
efficiency gap’ (Apeaning et al., 2013; Backlund et al., 2012). Several reasons have 
been given for the gap, such as organisational, behavioural, technological and 
economical issues (BCSC, 2012; DECC, 2012; Dixon et al., 2014; Negro et al., 2012). 
The main barrier to investment in and adoption of ISTs has been identified as the 
fragmented structure of the construction industry, which is comprised of a network of 
many people with conflicting priorities and interests who collaborate on projects 
(Berardi, 2013; Cooke et al., 2007; Udeaja, 2002). For example, builders have a low 
interest in investing in ISTs (Albino et al., 2012) as they do not realise the benefits 
which would be reaped by the building end-user (Pinkse & Dommisse, 2009). Similarly, 
in the retail construction industry, the retail building is owned by the landlord but 
occupied by the tenant (retailer). The landlords have low motivation to invest in ISTs to 
improve the building efficiency and reduce operating costs, as these will only be 
beneficial to the tenant, while the tenant has no control in making such decisions as he 
is not the owner, thereby creating a landlord-tenant split (Dixon et al., 2014; HM 
Government, 2010).   
The successful diffusion and adoption of ISTs requires an understanding of the key 
stakeholders, their perceptions, and the drivers, barriers and challenges for the 
adoption of ISTs. 
2.6 Key stakeholders in the selection of ISTs for retail 
buildings 
The adoption of ISTs in the design and construction of low carbon retail buildings 
involves a network of stakeholders. There have been various definitions and 
categorisations of stakeholders in the existing literature concerning stakeholder 
management.  The most accepted definition of ‘stakeholder’ is provided by Freeman 
(1984), as an individual or group of individuals who can influence the objectives of an 
organisation or can be influenced themselves by these objectives. The definition now 
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covers any individuals, organisations or groups of persons with some kind of stake in, 
claim, share or interest in the project, that are influenced by the project and/or have the 
power to influence the project (Chinyio et al., 2010; Collinge, 2012; Cooke et al., 2007; 
Newcombe, 2003). Stakeholders are typically categorised as internal or external 
stakeholders (Leung et al., 2010; Olander et al., 2008; Winch, 2010). The internal 
stakeholders are formal members and play an active role in supporting the project, 
such as clients, financiers and users on the demand side; while external stakeholders 
include, for example, contractors, architects, and material suppliers on the supply side 
and others who may or may not be affected by the project. Walker et al. (2008) 
separated stakeholders into four categories: upstream (end users and paying clients); 
downstream (suppliers and subcontractors); external (general community and 
individuals affected by the project and its outcome); and the project stakeholders 
(project leader and delivery team). Similarly, Berardi (2013)  grouped stakeholders into 
four categories which correspond to different sides with respect to the project: client 
side (user, owner/landlord, financier), design side (architect, consultant engineer), 
construction side (project manager, general contractor, subcontractor, product 
manufacturer) and public side (local government, regional government, national 
government, neighbour and NGO). He  further explains each category and their interest 
in the adoption of ISTs (Berardi, 2013) as represented in Table 2.3.  
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Category Main Focus Stakeholder Objectives 
Client Side Economic value of 
building 
User Usability, energy consumption, internal comfort 
Owner (as a landlord) Reliability, quality, economy 
Financier Successful completion, time, quality 
Design Side Technical 
functionality 
Architect Specific functionality according to the 
specialisation 
Consultant Engineer Quality, reliability of owner needs, aesthetics 
Construction 
Side 
Economic & 
successful 
construction 
Project manager Stakeholder integration, resource coordination 
General Contractor Quality, profit & workmanship 
Subcontractor Work in construction 
Product Manufacturer Sales of components and material products 
Public Side Social equity Local government Local development 
Regional government Healthy environment, local conservation 
National government Healthy environment, energy-saving, climate 
change 
Neighbour and NGO Local conservation, minimisation of project 
disturbance 
Table 2.3: Stakeholders of the building sector classified by category, main focus and objectives 
(Adapted from Berardi, 2013) 
Stakeholders from the client side invest in using the building after construction and are 
interested in the value of the building (i.e. economic value for the owner and quality for 
user) (Berardi, 2013). Stakeholders from the design and construction side focus on the 
technical functionality of the ISTs, while stakeholders from the public side are 
interested in social equity due to their regulative role in the project (ibid). Thus, there 
are a number of significant actors in the building process, and each has a role that can 
influence the chances of adopting ISTs (Cooke et al., 2007). Similarly, there are a 
number of stakeholders involved in the selection of ISTs for retail buildings: 
contractors, designers, governments, clients, landlords, professional association, 
certification bodies and others. These stakeholders differ in their specific interests, 
needs, and concerns, due to the different roles and duties they each have to play in the 
design and construction process (Chinyio & Olomolaiye, 2010; Freeman, 1984; Yang et 
al., 2009) and each stakeholder therefore views the selection of ISTs from their 
perspective and concerns. This results in conflicting stakeholders’ interests and can be 
a source of risk and uncertainty (Collinge, 2012) with a negative or positive impact 
(Olander & Landin, 2008). It is therefore essential to manage stakeholders’ needs 
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(Bourne et al., 2005; Davis, 2013; Yang et al., 2009) to ensure the maximum benefits 
are achieved by selecting the appropriate ISTs for retail buildings. A key issue in 
stakeholder management is the identification of the most important stakeholders in the 
project. For example, in the selection of ISTs, the most important stakeholders would 
be those who have an active involvement and are key decision-makers in the selection 
process. The concept of stakeholder management originated in the field of business 
and strategic management theory (Freeman, 1984) as the process of systematically 
gathering and analysing qualitative information to determine whose interests should be 
taken into account when developing and/or implementing a policy or programme 
(Chinyio et al., 2008; Macharis et al., 2012; Mainardes et al., 2012).   
Stakeholders’ mapping can be used to manage stakeholders (Bourne & Walker, 2005; 
Yang et al., 2009). This consists of first identifying and analysing who the stakeholders 
are early on and focussing on certain specific groups, followed by mapping and 
visualising each stakeholder’s interests and influence (Chinyio & Olomolaiye, 2010; 
Walker, Bourne & Shelley, 2008)  in the selection process.  
Managing and identifying stakeholders' needs can thus assist in the diffusion and 
adoption of ISTs by providing an indication of their concerns, problems and 
stakeholders’ requirements (De Brucker et al., 2013; Newcombe, 2003; Olander & 
Landin, 2008; Yang et al., 2009). It is therefore important to have a clear understanding 
of all the stakeholders in the project, the most important stakeholders, and their 
expectations and level of support to the project (Bourne, 2011). This will provide an in-
depth understanding of each stakeholder’s objective (Macharis, Turcksin & Lebeau, 
2012) and develop a systematic process to identify and prioritise relevant ISTs based 
on the needs of stakeholders (Catalina, Virgone & Blanco, 2011).  
Amongst the stakeholders, clients (Akadiri et al., 2013; Blayse et al., 2004) and 
contractors (Beerepoot & Beerepoot, 2007; Winch & Courtney, 2007) are considered to 
play a key role in the decision-making process for selecting ISTs. Suppliers of ISTs are 
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also key stakeholders but do not have the power to influence the selection of ISTs 
unless they are involved early on the project to convince other key stakeholders. Hence 
the thesis will focus on clients and contractors. 
1. Clients: The client is one of the most important stakeholders (Adetunji et al., 
2003; Femenias & Kadefors, 2011; Kushan et al., 2011) responsible for 
initiating the design and construction (Majdalani et al., 2006) of a building. In the 
construction industry, clients fall into four identifiable categories: knowledgeable 
regular procurers of construction, less knowledgeable irregular procurers of 
construction services, public sector and developers (MacPherson et al., 1992). 
Retail clients fall under the category of ‘knowledgeable regular procurers’ and 
tend to be innovative in terms of procurement and also follow a structured 
organisational process. They are considered to be the key stakeholder with the 
highest degree of involvement in the selection of ISTs (Adetunji et al., 2003; 
Akadiri, Olomolaiye & Chinyio, 2013; Femenias & Kadefors, 2011), with high 
motivation and power to influence other stakeholders to adopt ISTs  (Berardi, 
2013; Blayse & Manley, 2004; Kushan et al., 2011). They set the enabling 
foundations that define opportunities to advance sustainable retail development 
(Majdalani, Ajam & Mezher, 2006) by identifying specific green requirements 
and they exert pressure on contractors who are responsible for the design and 
construction of retail buildings (Qi et al., 2010).  
2. Contractors: are responsible for transforming clients' requirements into a 
constructed facility (Fagbenle et al., 2011). They are a link between suppliers 
and users of ISTs (Beerepoot & Beerepoot, 2007; Miozzo & Dewick, 2002; 
Winch & Courtney, 2007) and have contacts with both the institutions 
developing new products and the adopters of these innovations, such as: 
clients, regulators and professional institutions (Beerepoot & Beerepoot, 2007). 
They play an important role in promoting ISTs in the retail construction industry 
by assuming the responsibility to minimize their negative impact on environment 
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and society and maximize their economic contribution (Tan, Shen & Yao, 
2011b). Therefore they have the power to influence and are in a good position 
to act as mediators/innovation brokers (Winch, 1998) and promote ISTs to both 
clients demanding ISTs and other stakeholders as illustrated in Figure 2.11.  
 
Figure 2.11: Contractors as a link between suppliers and clients 
2.7 Stakeholders’ perception on the selection of ISTs  
Due to the high potential of ISTs to save energy and reduce carbon emissions 
(Balachandra, Kristle Nathan & Reddy, 2010), they can be used as preventive and 
curative measures for the problems of climate change and minimise the negative 
impacts of buildings on the environment (Qi et al., 2010). However, key stakeholders 
are sometimes reluctant to embrace ISTs and need to be convinced of the benefits 
before adopting or recommending them to other stakeholders (Miozzo & Dewick, 
2002); which ultimately leads to the diffusion and large scale implementation of ISTs 
(Qi et al., 2010). The rate of diffusion of ISTs is context specific and depends on socio–
economic, technological, and institutional factors (Rao & Kishore, 2010), which are 
interlinked and can facilitate (driving forces) or hinder (barriers) the diffusion of ISTs, 
making it a complex phenomenon (Narayanan, 2001; Tidd & Bessant, 2014). It is 
important to understand the perceptions (drivers, barriers and challenges) of different 
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stakeholders on the adoption and implementation of ISTs in the context of retail 
buildings. 
2.7.1 Drivers for adopting ISTs in the construction industry 
The drivers for adopting ISTs can be defined as any factors that encourage or motivate 
stakeholders to adopt ISTs; these might be due to either internal (e.g. firm’s 
commitments) or external forces (e.g. legislation) or a combination of both (Apeaning & 
Thollander, 2013). A review of literature identified a number of driving factors that affect 
the adoption of ISTs by stakeholders in the construction industry, as illustrated in Table 
2.4. 
Drivers for using ISTs to deliver low carbon buildings 
Financial incentives 
Building regulations 
Client awareness 
Client demand 
Planning policy 
Taxes/levies 
Investment 
Labelling/measurement 
Drivers for sustainable buildings 
(Häkkinen & Belloni, 2011) 
Cost savings 
Competitive advantage 
Improved quality 
Increased productivity 
Drivers for implementing ISTs 
(Gambatese & Hallowell, 2011) 
Long term economic benefit (Financial) 
Availability of subsidies (Financial) 
Image benefits 
Political drivers 
To reduce environmental impacts 
Corporate social responsibility 
(CSR). 
Planning constraints 
Drivers for using alternative energy 
technologies in buildings 
(Cooke et al., 2007) 
Cost reductions resulting from lowered 
energy use 
Energy efficiency requirements by 
government 
Long term energy strategy 
Threat of rising energy prices  
 
Drivers for energy efficiency 
improvement 
(Apeaning & Thollander, 2013) 
Technical  
Economic 
Environmental  
Organisational 
Social  
Factors affecting OSM 
(Elnaas et al., 2014) 
Market 
Policies 
Organisational  
Behavioural 
(Thollander et al., 2008) 
Table 2.4: Drivers for using ISTs to deliver low carbon buildings 
In the context of retail buildings, the threat of rising energy prices and legally binding 
energy policies/regulations is driving stakeholders to reduce energy use and carbon 
emissions. As a result, retail clients are currently looking to address a number of 
environmental issues including energy consumption and emissions from their stores 
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(BRC, 2014a), by investing and adopting in ISTs to provide both financial and 
environmental savings. Despite the challenging economy, retail clients are expanding 
their sustainability platforms and are committed to sustainability as a result of the cost 
savings and optimised performance (Aberdeen Group, 2008). Sustainability is 
increasingly being utilised as a marketing tool by retailers concerned with 
understanding and disseminating the whole life impact of buildings (Elman & Barry, 
2014; Fieldson et al., 2009; Ochieng et al., 2014; Spyrou et al., 2014). Since 2008, a 
number of major retailers have had an environmental and an ethical strategy to assist 
making their stores more sustainable (for example M&S, Tesco) and are therefore 
increasing focus on the use of ISTs to reduce their operational costs and impact on the 
environment (BRC, 2014a). 
Kilcourse et al. (2009) conducted a survey of retailers’ attitudes about green initiatives 
and to understand their challenges, risks and rewards of employing more 
environmentally sustainable practices (such as to reduce energy use and carbon 
emissions at store level, replacement of energy efficient technologies). There were 
ninety-four retailers from America, UK, Continental Europe, Africa and Asia. The report 
provides an overview from the perspectives of the retailers on the use of ISTs to 
improve the energy efficiency of retail building. The report reveals that retailers have 
achieved significant cost savings in operations as well as benefits to brand image by 
integrating environmentally sustainable practices into their businesses. Also, a 
reduction in energy consumption at the store level and throughout the supply chain was 
viewed as a key opportunity for cost savings (ibid). A study by Carbon Trust (2010) 
highlights the advantages of improving the energy efficiency of existing retail building. 
The report suggests that with a full energy retrofit, retail stores can reduce their energy 
use by 30%; savings of 40% can be achieved by adding doors to refrigeration cabinets, 
and 25%-50% of lighting energy can be reduced by using new fittings and having a 
well-designed lighting scheme with effective controls. 
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There are a wide range of ancillary benefits associated with adopting and implementing 
ISTs. A study by Aberdeen Group surveyed 100 retailers leveraging sustainability 
initiatives to increase customer loyalty (Aberdeen Group, 2008). The report  identified 
the top five pressures driving green retail enterprise as:  competitive advantage (57%), 
rising cost of energy (38%), need to increase brand value/equity (34%), need for 
innovation (31%) and present/expected compliance mandate (30%). The research 
classified retailers into three groups; best-in-class (top industry performance), industry 
average and laggards (below average performance). The best-in-class businesses 
included active energy management as a core activity, with the greatest decrease in 
energy costs of 20%. Industry average businesses had a 4% decrease in energy costs 
while the laggards had a 39% increase in energy costs. The best-in-class goals for 
sustainability initiatives are as shown in Figure 2.12. 
 
Figure 2.12: The best-in-class goals for sustainability initiative (Adapted from: Aberdeen Group 
2008) 
Contractors are responsible for the design and construction of retail buildings which 
have a significant impact on the environment and are thus facing pressures due to 
environmental regulations, managerial concern and project stakeholders (Qi et al., 
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2010). This has resulted in contractors adopting ISTs to reduce the environmental 
impact of buildings they construct.  
Amongst these pressures, regulations have been the major driver for contractors to 
adopt ISTs (Blayse & Manley, 2004; BRC, 2014a; Fergusson & Langford, 2006). For 
example, contractors adopt ISTs due to strict environmental regulations to avoid fines 
and penalties for non-compliance (Environment  Agency, 2014). For example, 
environmental regulations, such as using 15% sustainable technologies that are 
renewable, have forced contractors to adopt ISTs and overcome their resistance (Qi et 
al., 2010).  
Contractors also face pressures from project stakeholders (clients, environmental non-
governmental organisations etc.) to improve their environmental performance (Bryde et 
al., 2005; Femenias & Kadefors, 2011; Moore, 2010). This has driven contractors to be 
innovative in the use of products and construction processes to deliver the specified 
environmental sustainability performance levels (Ozorhon et al., 2010; Panuwatwanich 
& Stewart, 2012). Failure to meet clients’ requirements may result in the removal of the 
contractor from the tender list (Qi et al., 2010). Thus contractors are paying increased 
attention to the use of ISTs and the application of technologies in new ways 
(technological innovation) to provide sustainable retail buildings.  
Leading contractors realise they can become more competitive by improving their 
sustainable performance (Fergusson & Langford, 2006; Porter et al., 2006) and play a 
key role in reducing energy use and the carbon emissions of buildings (Qi et al., 2010), 
by capitalising on ISTs to maximise clients’ benefits and mitigate environmental risks. 
Previous research indicates that good corporate governance of environmental and 
social issues enhances companies’ shareholders value (BRC, 2014a; RILA, 2013) and 
also provides distinct and sustainable competitive advantages for contractors 
(Dodgson, Gann & Salter, 2008; Shengbin & Bo, 2011). Hence, contractors are also 
driven internally by managerial concerns to adopt ISTs and disclose their commitments 
 65 
 
and achievements in their environmental strategy. For example contractor Vinci is 
committed to reducing its emissions and impact on climate change through its Re-
thinking Strategy. The contractor aims to identify, develop and implement sustainable 
solutions that will demonstrate sustainable development leadership, establish a 
competitive advantage, increase customer satisfaction and loyalty, and deliver 
enhanced margin and turnover (Vinci Construction, 2014). Similarly, other leading 
contractors realise that improving their environmental performance can make them 
more competitive. Wagner et al. (2003) suggested a phenomenological relationship 
between sustainable performance and economic success. He explains the sustainable 
practice of an organisation has a positive effect on the economic success. Therefore 
improving the sustainable performance of an organisation could be a potential source 
of competitive advantage resulting in more efficient process, improvements in 
productivity, lower costs of compliance and new market opportunities (Porter, 2008; 
Porter et al., 1996).   
Similarly, Fergusson & Langford’s model illustrates the relationship between 
environmental management, strategy development, and competitive advantage 
(Fergusson & Langford, 2006). Based on the model, the implementation of ISTs can 
lead to improved business performance for a contractor. Also, the growth in an 
organisation's environmental competence can provide an opportunity for increased 
competitive advantage for contractors, as shown in Figure 2.13.  
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Figure 2.13: Relationship between environmental strategy development, performance 
improvement and competitive advantage (Source: Fergusson & Langford 2006) 
In summary, there are multiple benefits for adopting ISTs (viz reducing their 
environmental impact, satisfying legislation, delighted clients, improved business 
performance, and providing distinct and sustainable competitive advantages (Elman & 
Barry, 2014; LCICG, 2012; Shengbin & Bo, 2011) which are driving clients and 
contractors to adopt ISTs. 
2.7.2 Barriers to adopting ISTs in the construction industry 
A barrier will be described as any factor that either hampers the adoption of energy-
efficient and economically efficient ISTs or slows down their diffusion in the market 
(Fleiter et al., 2011). Table 2.5 indicates the general barriers facing stakeholders in the 
construction industry in the diffusion, adoption and implementation of ISTs to improve 
the energy efficiency of buildings.  
 
 
 
 
 
 
 
 
Image removed due to Copyright restrictions. 
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Barriers to using ISTs to delivering low carbon buildings 
High capital cost  and 
long payback times 
Ignorance and lack of 
understanding 
Unproven technologies 
Complexity 
Unsuitable site 
Lead time in construction 
Perceived risk 
Policy and planning constraints 
Drivers for using 
alternative energy 
technologies in 
buildings 
(Cooke et al., 2007) 
Awareness and 
information 
Financial and economic 
Policy and regulatory 
Behaviour and personal 
Structural and institutional Barriers to energy 
efficiency  
(Nagesha et al., 
2006) 
Split incentives 
Inappropriate 
technology  
Lack of time or other 
priorities 
Lack of budget funding   
Lack of technical skills 
Access to capital  
Other priorities for 
capital investments 
Cost of production disruption/hassle/ 
inconvenience (Risk) 
Cost of identifying opportunities, 
analysing cost effectiveness (Hidden 
costs) 
Technical risks such as risk of 
production disruptions 
For energy efficiency 
improvement. 
(Apeaning & 
Thollander, 2013) 
Stakeholders had no 
power to enforce 
Site conditions 
Restricted use of ISTs 
 
ISTs not considered 
ISTs not required by 
client 
High cost 
Stakeholder involved too late/not 
included 
Stakeholder lacked awareness 
Inadequate, untested or unreliable 
What is stopping 
sustainable building 
in UK  
(Williams et al., 2007) 
Information barriers 
(lack of information on 
costs and benefits, 
Trustworthiness of 
information). 
 
Organisational (lack of 
time identifying ISTs 
and implementing 
Technology related 
 (ISTs not adequate / 
available) 
Behavioural (lack of interest, other 
priorities, imperfect evaluation 
criteria) 
Economic barriers (investment costs, 
external risks, low capital availability) 
Barriers to energy 
efficiency investment 
(Trianni, Cagno & 
Worrell, 2013) 
Lack of technical 
capabilities 
Industry regulations and 
codes 
Not applicable to all 
projects 
Long payback period 
Project delivery method Implementation of 
ISTs 
(Gambatese & 
Hallowell, 2011) 
Lack of client demand 
Lack of client 
awareness 
Lack of proven 
technologies 
Affordability  
Building regulations 
Planning policy 
Lack of business case understanding 
Labelling/measurement 
Drivers for 
sustainable buildings. 
(Häkkinen & Belloni, 
2011) 
Table 2.5: Barriers to using ISTs to deliver low carbon buildings 
Although these barriers are not specifically for retail buildings, they provide the 
secondary data required to achieve Objective 2, providing a broad overview of the 
research problem from the perspective of the wider construction industry.  
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Similar barriers exist in the retail construction industry which limit the adoption and 
implementation of ISTs on a significant scale (LCICG, 2012). However, ISTs have 
potentially significant benefits to reduce carbon emissions and improve the energy 
efficiency of retail buildings (HM Government, 2010) and have been shown to be cost 
effective (Elman & Barry, 2014; Reddy & Painuly, 2004). However, these barriers 
continue to discourage stakeholders from adopting ISTs, resulting in a wide gap 
between available ISTs and the actual number of buildings adopting them (Ogunkah et 
al., 2012; Yang et al., 2013; Yang & Peng, 2001). Hence, the diffusion of even cost 
effective ISTs has been slow and below potential (Nagesha & Balachandra, 2006; 
Pinkse & Dommisse, 2009; Udeaja, 2002) to appreciate the benefits; which can be 
realised only when ISTs are selected and implemented (diffusion in the market) by a 
larger number of people on a long term basis (Balachandra, Kristle Nathan & Reddy, 
2010).  
There is a general lack of awareness amongst stakeholders about the ISTs available 
that might match their specific and real world circumstances (BCSC, 2012; LCICG, 
2012). Hence, it is generally believed that ISTs are often not adopted due to lack of 
information or knowledge on the part of the customer, or a lack of confidence in 
obtaining reliable information  (Reddy & Painuly, 2004; Yang & Ogunkah, 2013). To 
overcome these barriers, the Better Buildings Partnership recommends a planned 
approach by: engaging occupiers to determine common goals, identifying barriers and 
formulating solutions; arranging financing agreements between owner and occupier; 
prioritising buildings most suitable for retrofit against key selection criteria; and 
selecting appropriate technology best-suited to the constraints of the building whilst 
minimising the level of disruption to the occupiers (BBP, 2010).  
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2.8 Summary  
This chapter has provided an overview of the relevant research that has been 
conducted within the context of the thesis, i.e. the use of ISTs for existing retail 
buildings to reduce the energy use, carbon emissions and improve the process of 
delivering low carbon retail buildings. The research problem was structured with 
reference to the review of literature, which also helped clarify the aim and objectives of 
the research (see Table 1.1). The findings from the literature review have provided the 
secondary data to establish the state of current research relating to the use of ISTs to 
achieve low carbon retail buildings (Objective 1). The findings from the literature 
identified that the UK Government and its binding targets are the key drivers to 
improving the energy efficiency of both new and existing buildings in the UK. The 
literature review indicated that it is possible to achieve the ambitious target set by the 
UK Government by using ISTs. A review of leading UK retailers revealed a few early 
adopters (such as M&S, Tesco) trialling ISTs; however, the majority of the retailers are 
major adopters, late adopters or laggards. This has created a chasm in the diffusion 
process between the early adopters and major adopters (mainstream), with several 
potential ISTs falling into ‘the valley of death’. There is a need to overcome this chasm, 
which can be achieved by the selection and implementation of ISTs (Balachandra, 
Kristle Nathan & Reddy, 2010; LCICG, 2012).    
The review also explored stakeholders’ perceptions of the drivers for and barriers to 
improving the energy efficiency of buildings. It has provided an overview of the 
research problem from the perspective of the wider construction industry, although 
these findings can be usefully applied to existing retail buildings (Objective 2). 
However, no previous research has been done specifically to identify the drivers and 
barriers for using ISTs for existing retail buildings to reduce the energy use, carbon 
emissions and improve the process of delivering low carbon retail buildings. As a 
result, the need for the research is clear and should provide useful recommendations to 
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stakeholders in the retail construction industry to convert the potential risk involved in 
using ISTs to an opportunity and business case. 
The next chapter provides a review of the current decision-making methods for 
selecting ISTs for existing retail buildings (Objective 3). It also reviews the existing 
decision-making systems and methodologies and how they can be applied to the 
selection of ISTs for existing retail buildings (Objective 4).  
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  Chapter 3
Literature Review 2: Decision-
Making Systems & Methodologies 
3.1 Introduction 
The previous chapter identified a demand for ISTs to deliver low carbon retail buildings 
due to regulatory and client requirements and the potential benefits they can provide. 
However, there has been a slow uptake of ISTs in the retail construction industry due 
to the complex selection process that is uncertain and risky. One is left to consider the 
best possible means of remedying the matter and converting the uncertainty at the 
outset to a calculated risk. 
The objectives of this chapter are: 
Objective 3: To review the current decision-making systems and 
methodologies used for selecting ISTs for existing retail buildings. 
Objective 4: To explore the available decision-making systems and 
methodologies and how they can be applied to the selection of ISTs for existing 
retail buildings. 
The key elements of the decision-making process, the current decision-making process 
for selecting ISTs and the lack of a Decision Support Framework will be described and 
finally decision-making systems that could be used to solve such complex uncertain 
problems will be proposed. Findings from this chapter will be used to develop a 
Decision Support Framework, presented in Chapter 6.  
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3.2 Decision-Making Process 
Decision-making is described as ‘a process involving activities that starts with 
recognition of a decision-making problem and ends with recommendation for a 
decision’ (Peldschus et al., 2010). Therefore, it is the end of deliberation and the 
beginning of action. Decision-making lies at the heart of many human activities and 
involves making a choice from a set of alternatives based on a single criterion or 
multiple criteria (Løken, 2007). According to Buchanan et al. (2006), the term ‘decision-
making’ was imported from the lexicon of public administration into the business world 
by Chester Barnard. The term shifted the way managers thought about their role from 
continuous, Hamlet-like deliberation toward a crisp series of conclusions reached and 
actions taken (ibid). Later, other theorists like James March, Herbert Simon, and Henry 
Mintzberg laid the foundation for the study of decision-making for organisational and 
strategic decisions (Jennings et al., 1998). 
According to Pomerol et al. (2004), Herbert Simon is one of the most influential 
researchers in the area whose work has been drawn upon constantly. He is 
responsible for the concept of organisational decision-making as it is known today and 
was interested in the mechanics of the decision-making process and how a decision-
maker evaluates all the consequences and compares them with each other. He was 
the first to stress the multi-criteria aspect of making decisions. He observed that 
decision-making is a matter of compromise, in which decision-makers have several 
more or less contradictory objectives in mind. Based on his observation, he broke down 
the decision-making process into three steps: (a) identify all the possible alternatives 
(b) determine all the possible consequences of these alternatives and (c) evaluate all 
the possible consequences. The process was further developed by his well-known, 
three-stage, rational model consisting of intelligence (identifying the problem and 
collecting information about the problem), design (developing several possible 
solutions to the problem), and choice (choosing the solution). Simon's decision phases 
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have been adapted and used by various other researchers for solving decision-making 
problems (Pomerol & Adam, 2004).  
Decision-making problems involve the process of searching for or finding the course of 
actions from a given set of feasible alternatives which maximise or satisfy certain 
criteria associated with the goals intended to be achieved (DCLG, 2009). The decision-
making process consists of a number of phases, as indicated in Figure 3.1, and 
includes problem structuring, decision analysis and post analysis (Belton et al., 2002; 
Franco et al., 2010). The process can range from highly structured to highly 
unstructured decisions (Belton & Stewart, 2002) using either an alternative-focused or 
value-focused approach (Peldschus et al., 2010). 
 
Figure 3.1: Decision-Making Process (Adapted from: Belton & Stewart, 2002; Franco et al. 
2010) 
Decisions are usually made within a decision environment, which consists of the 
collection of information, alternatives, values and preferences available at the time at 
which the decision must be made. Figure 3.2 shows the steps within the decision 
process. 
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Figure 3.2: Steps in the decision-making process (Adapted from: Jennings & Wattam, 1998) 
According to Bell et al. (1977), the decision-making process can be symbolised 
mathematically as follows:    
1. The alternatives are represented by A1, ..., Ai, ... , Am. 
2. There is a set of attributes (Y1, ..., Yj, ... , Yn.) and each alternative is evaluated 
on these attributes. 
3. The evaluation of Ai on attribute Yj is given by the single symbol Yij for i = 1, ... , 
m and j = 1, ... , n. Therefore, alternative Ai can be identified with a vector Yi = 
(Yi1 ... , Yij, ... Yin). 
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The comparison between two alternatives is thus focused on the comparison between 
two n-tuples. Hence, the decision for obtaining the best alternative becomes a 
comparison process in which all the alternatives should be compared to each other 
with respect to all the evaluations.  
There are three levels of decision-making (strategic, tactical and operational) within an 
organisation based on: (a) the practical objectives that are sought (b) the nature and 
the level of information/knowledge that is available and (c) the potential impacts, as 
illustrated in Figure 3.3. 
 
Figure 3.3: Levels of decision-making in an organisation 
Strategic decisions are made by the Board of Directors (e.g. decisions about 
investment and the direction of future growth of the company). Tactical decisions are 
made by managers (e.g. decisions on how to contribute most effectively to the overall 
business objectives) and operational decisions are made by the employees (e.g. 
decisions about their jobs). Strategic decisions are the most complex and are usually 
made by the top leaders of an organisation, with long term effects that could critically 
affect organisational health and survival (Eisenhardt et al., 1992). They are important in 
terms of the actions taken, the resources committed or the precedents set, as these 
decisions will affect the entire direction of the firm (Montibeller et al., 2010). Thus, 
strategic decision-making is the process of creating a company's mission and 
objectives and deciding upon the course of action a company should pursue (strategic 
selection) to achieve those goals (Johnson et al., 2009).  
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Strategic selection decisions are usually made using financial assessment, in which the 
future benefits of an investment are converted to monetary values, thus ignoring most 
of the qualitative benefits because of inadequate means for quantifying them (Ali 
Khatami Firouzabadi et al., 2008). Although such methods work well for investments 
with low-level capital budgeting and clearly-defined benefits, such as monetary values, 
they are not appropriate for longer-term strategic investments (e.g. ISTs) because 
intangible benefits (e.g. environmental and social) cannot be converted to monetary 
values and are ignored (Lee et al., 2009; Macharis et al., 2004). According to Schilling 
et al. (2009), there are several frameworks for strategic selection decisions which can 
be broadly grouped into four selection approaches. 
1. Rule-of-thumb approaches (heuristic resource allocation). For example the 
percentage-of-sales method can be applied in a time-saving manner but is 
based on arbitrary assumptions. 
2. Matrix-based strategic approaches, such as the BCG growth/share matrix or 
the directional policy matrix, provide a more structured framework for 
strategic decisions but are considered too generic to provide a sound 
decision. 
3. Statistical analyses are mostly based on complex regression models. 
Although these offer precise calculations on the decision problem, the 
complex calculations and the lack of interactive models which can be used 
to discuss strategic issues are potential drawbacks. 
4. Decision modelling approaches, such as linear programming models, the 
Analytical Hierarchy Process or Multiple-Criteria Decision Analysis, have so 
far been the most prevalent of the management science approaches to 
strategic-related decisions. 
Table 3.1 provides an overview of the four approaches with their advantages and 
drawbacks. 
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 Core concept Examples Major Advantages Major Drawbacks 
Rule-of-
thumb 
approaches  
Simple approaches without extensive 
quantitative analyses 
Simple ‘gut feel’ (intuition) 
Affordability approach 
Objective and task method 
Percentage-of-sales approach 
Competition matching approach 
 
Time saving ‘just-enough’ approaches Approaches are partly arbitrary 
Approaches rely on false 
assumptions 
Matrix based 
strategic 
approaches 
Simultaneous analysis of several 
resource allocation options, usually 
related to market attractiveness 
(external) and competitive capabilities 
(internal) 
BCG Growth/Share Matrix 
Directional Policy Matrix 
Business Profile Matrix 
High-level overview of the strategic positioning 
of different products 
Oversimplification 
Very generic insights into efficient 
allocation of resources 
Problems with definitions of 
categories, cut-off points and 
weights of dimensions 
 
Statistical 
analysis 
Analysis of marketing-mix related 
resources based on complex 
statistical modelling (usually 
regression analyses) 
Allocating Resources for Profits  
Maximising customer equity, i.e. 
customer life-time value as resource 
allocation criteria 
Precise calculations on how much and where to 
spend marketing resources 
Complicated algebra (‘black-box’ 
problems) 
Lack of interactive component to 
create strategic consensus and 
commitment to implementation 
 
Decision 
modelling  
approaches  
Decision models with a special 
emphasis on including managerial 
judgments to allocate marketing 
resources efficiently 
Linear Programming Models 
Analytical Hierarchy Process 
Multiple-Criteria Decision Analysis 
Precise recommendations on how to spend 
resources, in particular when only monetary 
dimensions matter 
Pair-wise comparisons facilitate easy 
managerial judgements 
Consistent integration of financial and non-
financial objectives; emphasis on strategic 
consensus findings through visual group 
decision support 
 
Models can be complicated to 
understand (‘Black-box’ problem) 
Approach can lead to inconsistent 
results 
Managerial judgments can be 
difficult, in particular when 
weighting criteria 
Table 3.1: Strategic selection approaches (Adapted from: Schilling, 2009) 
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3.3 Selection of ISTs: A strategic decision-making 
process for selecting ISTs  
The construction industry relies on the renewal of existing technological resources and 
exploitation of new technologies to remain competitive and to sustain growth (HM 
Government, 2010). New technology is a main driver for innovation and successful 
innovation leads to sustainable business growth (Klongpayabal et al., 2014). As 
discussed, whilst there are several ISTs available, with many more emerging that can 
provide sustainable retail buildings, there has been a slow uptake due to the lack of a 
systematic innovation procedure (Yu, Wu & Huang, 2009). This is a strategic gap that 
is not being fully exploited, and there is a  need for new knowledge or new technology 
acquisition by firms or industries to create the competitive advantages from innovation 
(Klongpayabal & Thawesaengskulthai, 2014). 
The selection of ISTs can be described as a strategic decision and is considered one of 
the most challenging decisions encountered by the management of a company (Ali 
Khatami Firouzabadi, Henson & Barnes, 2008; Johnson, Scholes & Whittington, 2009; 
Macharis, Verbeke & De Brucker, 2004; Shengbin & Bo, 2011). The use of new 
technologies can create or destroy profits and has the ability to create new industries 
and transform or destroy existing ones (Taha et al., 2011). The decision to select ISTs 
is a major decision for any organisation that wishes to maintain a sustainable 
competitive advantage (Tidd & Bessant, 2014). The selection process requires the 
corporate or senior management of construction firms to analyse the potential of new 
technology for their business and make decisions on the adoption of technologies 
which might provide a competitive edge to the firm (Zakaria et al., 2010). Such 
decisions are typically characterised by the consideration of high levels of uncertainty, 
potential synergies between different options, long term consequences and the need of 
key stakeholders to engage in the strategic decision (Montibeller & Franco, 2010). 
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At an organisational level, companies have to evaluate various ISTs and invest in the 
ones that can provide a comparative advantage and therefore would need expert 
technological planning to grasp these new opportunities (Lin et al., 2010). The selection 
process should satisfy the different stakeholders and take equal consideration of 
environmental, economic and social criteria (Eason et al., 2011; Khalili et al., 2013). 
This can be complex and seemingly intractable due to trade-offs made by multiple 
stakeholders between socio-political, environmental and economic factors (Kiker et al., 
2005). Also, the process of adopting and implementing ISTs has long-term effects on 
the building, end-users and the success of the company, with a high degree of 
uncertainty involving both tangible (e.g. costs that can be measured) and intangible 
factors (e.g. social factors that cannot be measured) (Ali Khatami Firouzabadi, Henson 
& Barnes, 2008; Johnson, Scholes & Whittington, 2009; Taha, Banakar & Tahriri, 2011; 
Wang et al., 2009). All these factors as illustrated in Figure 3.4 make the selection 
process very complex  and require a structured decision support framework for the 
decision-making process at the strategic level of an organisation (Meredith et al., 1986; 
Tidd & Bessant, 2014).   
 
Figure 3.4: Decision-making process of selecting ISTs 
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According to Baba (2013), decision support tools (methods) have many capabilities 
that make them suitable for supporting these types of strategic decisions. These 
include facilitating the decision-making process; supporting individual and group 
decision-making with improved, consistent and timely decisions at different 
stages/phases of the decision-making process. They also provide transparency and 
justification of the decision-making process, thereby increasing decision-makers’ 
confidence in the decision.  
Cavallaro (2009) defines a decision support system as ‘an interactive system that is 
able to produce data and information and, in some cases, even promote understanding 
related to a given application domain in order to give useful assistance in resolving 
complex and ill-defined problems’. He further explains that decision support tools 
should take into consideration the procedures, processes and dynamics of the 
decision-makers involved and conform to the objectives and priorities of these 
decision-makers.  
Decision Support Tools (decision support systems) can be defined very broadly as any 
tool used as part of a formal or informal decision process (Kapelan et al., 2005). The  
tools contribute to the analysis of the decision environment by identifying actors, risks, 
constraints, consequences, etc., as well as the structure of the decision-making 
procedure, by setting goals and developing ways to achieve them; it also encourages 
cooperation between involved parties by consolidating differences in opinions 
(Perimenis et al., 2011; Yin et al., 2011). Decision support systems include knowledge 
management systems, such as the CAPRI.NET prototype and the decision support for 
prefabrication, preassembly, modularization and off-site fabrication (PPMOF) decision 
support tool. CAPRI.NET is a web-based prototype developed to help capture and 
reuse construction project knowledge at multiple phases of projects (Udeaja et al., 
2008), while the PPMOF is a prototype computerized tool to assist project teams with 
PPMOF decisions (Song et al., 2005).  
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Decision support systems can be both qualitative and quantitative such as a multi-
criteria decision making model (Lewis, 2012).   
The use of decision support tools (or decision support methods) under a multi-criteria 
approach (Cavallaro, 2009; Huang et al., 2012; Keysar et al., 2007; Khalili & Duecker, 
2013) can assist and facilitate stakeholders in the complex problem of selecting ISTs to 
reduce the energy use and carbon emissions of retail buildings.  
Some common methods used to select ISTs include the ad-hoc selection method, cost-
benefit analysis and decision analysis (Linkov et al., 2005; Macharis, Verbeke & De 
Brucker, 2004). According to Eason et al. (2011), the decision in an ad-hoc selection 
method is made by few decision-makers with limited stakeholder input and the criteria 
are often not explicitly defined. Also, the weighting schemes are not sufficiently justified 
because they are often developed by the decision-maker, and the final selection is not 
transparent as the alternatives are evaluated through qualitative or semi-quantitative 
measures (ibid). Although it is commonly used, this is not an appropriate selection 
method for ISTs.  
Cost-benefit analysis (CBA) is one of the most well-known methods used for selecting 
alternatives, it takes into account all factors that can be translated into monetary terms 
and is widely used to justify investments in economic terms (Cavallaro, 2009). While 
decision analysis (DA) aids decision-makers in determining the best options when the 
outcomes are uncertain, the decision environment is unpredictable and is based on 
both quantitative and qualitative factors (Eason et al., 2011). In this approach, the 
various alternatives are assessed and compared with the overall objective based on 
diverse, heterogeneous criteria, from differing viewpoints and often conflicting 
standpoints (Cavallaro, 2009; Macharis, Verbeke & De Brucker, 2004). 
Eason et al. (2011) explained that both decision analysis (DA) and cost-benefit analysis 
(CBA) cover the scope of decision support needs and may be used for the complete 
decision-making process, from problem definition to communicating decisions. 
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However, DA is more appropriate for the selection of ISTs. Although CBA can help 
decision-makers to select the most cost-effective alternative (economic factor), it is 
primarily based on market prices and has very little stakeholder interaction (Eason et 
al., 2011; Macharis, Verbeke & De Brucker, 2004). Many researchers (Peldschus et al., 
2010; Sturges, 1992; Vanegas et al., 1996; Zavadskas et al., 2011) have pointed out 
that it is important to consider the impacts of cultural, social, moral, legislative, 
demographic, economic, environmental, governmental and technological change, as 
well as changes in the business world in international, national, regional and local real-
estate markets in the selection process. Omann (2000) explained that CBA are not 
appropriate due to the uncertainty and the far reaching consequences often inherent in 
environmental-economic-social decision-making, and described them as static and 
oversimplified as they fail to capture the complete range of relevant aspects. Cavallaro 
(2009) argued that it is difficult to establish the financial values of these aspects using 
CBA and so they are based on approximations, which make the approach somewhat 
arbitrary. Such factors require the decision-makers to make subjective judgements, and 
a monetary value cannot always be readily assigned to them (ibid). On the other hand, 
DA can handle economic, environmental and social factors and has the ability to 
support decision-making based upon active stakeholder input from the beginning, to 
include developing objectives, criteria and alternatives (Eason et al., 2011). 
Stakeholders’ preferences are taken into account and the final alternatives are selected 
systematically (Macharis, Verbeke & De Brucker, 2004). CBA can be described as a 
uni-dimensional approach while DA takes into account various stakeholders across 
several dimensions and may include factors of financial performance in addition to 
technical, social or even aesthetic dimensions (Stein, 2013).  The aim is to assist the 
‘decision-makers to either shape and/or to argue and/or to transform their preferences, 
or to make a decision in conformity with their goals’ (Browne et al., 2010), and is more 
suitable and appropriate for the selection of ISTs (Cavallaro, 2009; Paruccini, 1994; 
Stein, 2013). The next section explains DA in detail.  
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3.4 Decision Analysis (DA) 
Decision analysis (DA) is a discipline under the banner of decision theory, which is a 
field of study that ‘aids the formulation of hypotheses based on values, risk, uncertainty 
and trade-offs’ (Eason et al., 2011). DA has been successfully applied to solve the 
evaluation of problems in sustainable energy (Buchholz et al., 2009; Herva et al., 2013; 
Huang et al., 2012; Macharis, Turcksin & Lebeau, 2012; Merad et al., 2013; Wang et 
al., 2009). DA is a technique which assists decision-makers to make an informed 
decision in determining the best option, when the decision is unpredictable and the 
outcomes are uncertain (Keeney et al., 1999). Its main aim is to provide a support tool 
for decision-makers that conforms to their objectives and priorities (Cavallaro, 2009). 
The basic steps of DA are problem identification, information gathering, generating 
possible solutions, evaluating and selecting solutions (Eason et al., 2011).  
DA methods provide a rational analysis to a complex problem in a simple and quick 
way (Keeney & Raiffa, 1999) and are known as Multi-Criteria Analysis (MCA), Multi-
Criteria Decision Analysis (MCDA), and Multi-Criteria Decision-Making (MCDM) 
(Schwilch et al., 2012). All are more or less synonymous decision support methods 
developed to assist in the decision-making process for complex problems involving 
conflicting criteria (Belton & Stewart, 2002; Løken, 2007; Schwilch, Bachmann & de 
Graaff, 2012).  
Multi-Criteria Analysis (MCA) is defined as formal approaches to help individuals or 
groups make a decision taking into account multiple criteria (Belton & Stewart, 2002). 
MCA emerged as a formal methodology to support decisions in many fields and has 
been valuable in environmental decision-making (Huang et al. 2011). Løken (2007)  
conducted a review of MCA use for energy decisions and concludes MCA is 
appropriate for energy decisions, such as the selection of ISTs, to reduce the energy 
use within retail buildings.  
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Similarly, multi-criteria decision-making (MCDM) is a generic term used to describe all 
decision-making methods that are based on stakeholders’ preferences and involve 
more than one conflicting criterion (Belton & Stewart, 2002). MCDM can be used to 
deal with complex problems by breaking the problem into smaller units. The smaller 
components are analysed in detail by weighting and reassembled to present an overall 
picture to the decision-makers (DCLG, 2009). MCDA assists the decision-maker to 
make better decisions but does not make the decision; hence called ‘decision analysis’ 
or ‘decision aid’ rather than ‘decision-making’ (Løken, 2007). The term multiple criteria 
decision analysis (MCDA) will be used in this thesis. 
3.5 Multiple Criteria Decision Analysis (MCDA) 
Multiple criteria decision analysis (MCDA) is described as ‘an approach and a set of 
techniques, with the goal of providing an overall ordering of options, from the most 
preferred to the least preferred option’ (DCLG, 2009). The approach of MCDA is a 
broad set, containing different methods of decision aid tools to help decision-makers 
handle complex decision situations effectively, in which the level of conflict between 
criteria is such that intuitive solutions cannot be satisfactory (Omann, 2000). MCDA 
combines criteria and attributes to help identify preferred alternatives using a weighted 
hierarchical approach. Embedded within this process are the values (objective and 
subjective considerations) of the decision-makers that are weighted and ranked to 
reveal the potential alternatives (DCLG, 2009). The MCDA approach considers multiple 
decision criteria subject to a number of decision constraints simultaneously to identify 
an alternative that is believed to be the best one, or at least as good as other 
alternative actions. Its ultimate goal is to solve the decision problem and provide a 
good decision via a systematic analysis of the various aspects in the decision process. 
MCDA is not a tool that provides the right solution to a decision problem but an aid to 
assist decision-makers organise the available information, consider the consequences, 
explore their own wishes and tolerances and minimise the possibility of post-decision 
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disappointment (Belton & Stewart, 2002). MCDA process is structured and promotes 
systematic thinking, definition of options, identification of criteria and impact 
assessment with respect to the various decision-makers involved (ibid).  
According to Omann (2000), MCDA can offer the following objectives: (a) Unlike 
conventional methods, MCDA can handle objectives and criteria that are conflictual, 
multi-dimensional, incomparable and incommensurable (b) provide a comprehensive 
analysis of qualitative and quantitative aspects of sustainability and (c) assist 
stakeholders in complex decision-making problems, by providing a transparent and 
interactive learning procedure to manage conflicts and achieve a mutual agreement. 
Therefore, MCDA can be considered as a useful decision aid for selecting ISTs.  
Table 3.2 summarises elements of the decision process in an MCDA. 
Element of decision process Multi-criteria decision analysis 
Define problems High stakeholder involvement and input is incorporated at the beginning of 
the problem formulation stage. The proposed solutions will have a better 
chance of satisfying all the stakeholders. 
Generate alternatives Alternatives are selected by involving all stakeholders and experts, which 
increases the likelihood of novel alternative generation. 
Formulate criteria by which to 
judge alternatives 
Based on expert and stakeholder judgement, a hierarchy of criteria and sub-
criteria is developed. 
Gather value judgements on 
relative importance of criteria 
Quantitative criteria weights are obtained from decision-makers and 
stakeholders. 
Rank and select final alternatives Alternatives are chosen by systematic, well-defined algorithms using criteria 
scores and weights. 
Table 3.2: Decision process in MCDA (Adapted from: Linkov, 2005; Macharis, 2012) 
MCDA methods have made much progress in the last three decades. Many decision 
models have been developed and some used for solving real problems (Herva & Roca, 
2013; Jahan & Edwards, 2013; Keeney & Raiffa, 1999; Khalili & Duecker, 2013; Wang 
et al., 2009). Wang et al. (2009) describe MCDA as an operational evaluation and 
decision support approach suitable for addressing complex problems with high 
uncertainty, conflicting objectives, different forms of data and information, multi-
interests and perspectives in order to provide an integrated sustainability evaluation. 
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MCDA has been applied in diverse sustainable development decision models, such as 
land use planning (Saaty, 2006), selection of advanced manufacturing technologies 
(Taha, Banakar & Tahriri, 2011), supply chain management (Bruno et al., 2012), 
supplier evaluation and selection (Ho et al., 2010; Zeydan et al., 2011) and built 
environment assets (Akadiri, Olomolaiye & Chinyio, 2013; Huang et al., 2012). MCDA 
has also been applied to construction problems, such as: to support sustainable 
decisions (Macharis, Turcksin & Lebeau, 2012), selection of energy alternatives 
(Kahraman et al., 2010), simple decision models for refurbishment  (Wong et al., 2008) 
and also complex ones (Buchholz et al., 2009; Catalina, Virgone & Blanco, 2011; 
Chang et al., 2012). 
3.5.1 Multiple Criteria Decision Analysis (MCDA) Methods 
MCDA methods are suitable to support decision-makers when selecting ISTs as the 
decision-making process is complex, involving uncertainty and multiple decision-
makers with conflicting criteria. The selection of ISTs is usually made without formal 
discussion, rigorous analysis or documentation (Saaty et al., 2013) leading to post-
decision regret (Løken, 2007). MCDA methods can overcome this problem by helping 
decision-makers organise and synthesise the problem, understand the fundamental 
criteria in the decision problem, and make confident decisions (Belton & Stewart, 2002; 
DCLG, 2009).  
There are several MCDA methods available that fall under the umbrella of MCDA (such 
as Multi-Attribute Utility Theory, Outranking, Analytic Hierarchy Process) with different 
protocols to elicit inputs, structures to represent them, algorithms to combine them, and 
processes to interpret (sensitivity tools) and use formal results to advise or make a 
decision (Belton & Stewart, 2002; Peldschus et al., 2010; Wang et al., 2009). However, 
certain elements are common to all decision situations, independent of the MCDA 
method used, such as identifying the problem (formulation of decision-aid problematic), 
establishing the decision criteria and set of alternatives (exploitation), and finally 
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evaluating the alternatives against the criteria (recommendations) (Catalina, Virgone & 
Blanco, 2011; Merad et al., 2013).  
MCDA methods can be broadly classified as Multi-Objective Decision-Making 
approaches (MODM) and Multi-Attribute Decision-Making (MADM). MODM starts with 
a set of principles and an indefinite set of possible scenarios resulting in an optimised 
scenario, while MADM starts with a finite set of scenarios which are further scrutinised 
to fit the set of principles (Buchholz et al., 2009). MADM approaches are appropriate 
for the selection of ISTs as it is a multi-attribute problem and will involve a finite number 
of alternatives (Eason et al., 2011). According to Belton and Stewart (2002), MCDA 
methods can be divided into three main groups: (a) value measurement models, (b) 
goal, aspiration and reference-level models and (c) outranking models. 
Value measurement models are most relevant to this study and will be explained in 
detail. In value measurement methods, a numerical score (or value) V is assigned to 
each alternative and these scores provide the order of the decision-makers’ preference 
for the alternatives (Løken, 2007). The most commonly used approach is the additive 
value function known as Multi-Attribute Value Theory (MAVT). This is a simple and 
user-friendly approach in which the decision-maker in cooperation with the analyst 
specifies only the value functions and defines weightings for the criteria to make a 
decision (Løken, 2007). Another approach to value measurement is the Multi-Attribute 
Utility Theory (MAUT) first proposed in detail by (Keeney & Raiffa, 1999). MAUT is 
perceived as an extension of MAVT and is a more rigorous method, allowing for the 
additional inclusion of uncertainties and risks by assigning utility functions. The 
analytical hierarchy process (AHP) developed by (Saaty et al., 2006) has many 
similarities to MAVT and is described as ‘an alternative means of eliciting a value 
function’ (Belton & Stewart, 2002) by making pair-wise comparisons to compare the 
alternatives with respect to the criteria.  
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Analytic Hierarchy Process (AHP) has found widespread application in complex 
decision-making problems involving various stakeholders and alternatives with 
conflicting criteria, to arrive at a consensus decision (Akadiri, Olomolaiye & Chinyio, 
2013; Pan, Dainty & Gibb, 2012; Wang et al., 2009). It is a well-known multi-criterion 
decision-making technique (Amer et al., 2011; Bruno et al., 2012; Ishizaka et al., 2011; 
Pitchipoo et al., 2012). AHP can structure a complex multi-person and multi-attribute 
decision-making problem hierarchically into several levels, in such a way that they form 
a hierarchy with uni-directional hierarchical relationships between levels (Saaty & 
Vargas, 2006). The hierarchy structure as illustrated in Figure 3.5Figure 3.5 provides a 
detailed, structured and systematic decomposition of the overall problem into its 
fundamental components and interdependencies (Bruno et al. 2012).  
 
Figure 3.5: AHP Process (Adapted from: Saaty 2006) 
According to Saaty (2006), the top level of the hierarchy is the main goal of the 
decision problem. The lower levels represent the criteria and sub-criteria that contribute 
to the goal and the bottom level represents the alternatives to be evaluated using the 
criteria. Each level of the hierarchy can be investigated separately (provide priorities 
among each criterion within each level) and the results combined to provide a decision 
or recommendation to the problem (Saaty & Vargas, 2006).   
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3.6 Lack of a systematic decision-making framework 
for the selection of ISTs 
The decision-making problem for selecting ISTs is too complex to be addressed based 
on a single criterion or a narrow perspective. It involves multiple actors coupled with 
multiple (and sometimes conflicting) regulations, which can create an atmosphere of 
tension if not outright conflict. Due to the many factors affecting the decision-making 
process, the lack of a unique solution and the plurality of opinions, decision support 
tools can aid conflict resolution and assist the decision-makers in the selection process 
(Sadasivuni et al., 2009). 
Techniques such as multi-criteria decision-making methods can support decision-
makers in the selection of ISTs for retail buildings. MCDA methods offer a framework 
wherein differing opinions, priorities and values may be dealt with in a structured 
process that considers decision factors, ranks factor criteria and allocates weights to 
factors so that results reflect the appropriate priority of each factor considered (ibid). 
MCDA methods help to organise the decision-making process and usually include four 
main stages: (a) the formulation of alternatives and criteria selection, (b) criteria 
weighting, (c) evaluation and (d) final treatment and aggregation (Belton & Stewart, 
2002).  
There has been a significant use of MCDA tools over the last two decades for 
environmental decisions (Huang et al., 2011; Wang et al., 2009). MCDA has been 
successfully applied to solve evaluation problems in various fields, such as sustainable 
energy, quality of service, engineering systems and new product development (Akadiri, 
Olomolaiye & Chinyio, 2013; Chen et al., 2010; Merad et al., 2013). The literature 
review identified that there are currently several selection methods, support tools and 
frameworks for selecting specific building components or construction systems. These 
include the selection of concrete floor systems (Idrus et al., 2002), sustainable floor 
covering (Yasantha Abeysundara et al., 2009), intelligent building systems (Wong & Li, 
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2008), construction methods for concrete buildings (Chen, Okudan & Riley, 2010), 
renewable energy technologies for a developing country (Amer & Daim, 2011), 
selection of energy alternatives (Kahraman & Kaya, 2010), sustainable hydropower 
(Vučijak et al., 2013),  bio-energy systems selection (Buchholz et al., 2009), wind farms 
(Lee, Chen & Kang, 2009), assessment of biofuels (Perimenis et al., 2011), renewable 
technology portfolio selection (Davoudpour, Rezaee & Ashrafi, 2012), solar thermal 
technologies (Cavallaro, 2009), build system selection for housing construction (Pan, 
Dainty & Gibb, 2012), selection of engineering materials (Jahan & Edwards, 2013), 
sustainable intelligent buildings (Alwaer et al., 2010) and selection of sustainable 
materials for buildings (Akadiri, Olomolaiye & Chinyio, 2013).  
However, these are not appropriate for the selection of ISTs for retail buildings due to 
the following reasons. Firstly, these studies are too generic for direct use by 
stakeholders in the retail construction industry, as they do not focus on the retail sector 
or consider the context in which they operate. Secondly, most of the selection methods 
are based on a set of objectives and criteria that overemphasise the quantitative and 
financial criteria and overlooks qualitative factors such as improved human comfort and 
environmental sustainability (Pan, Dainty & Gibb, 2012; Wong & Li, 2008). Thirdly, the 
decision-making systems do not reflect the objectives and selection criteria of 
stakeholders in the retail construction industry. Hence, there is no set of selection 
criteria specifically for the selection of ISTs for existing retail buildings, reflecting the 
criteria, values and weights of the key stakeholders. Using such existing tools would 
lead to the selection of ISTs that are not relevant and suitable for retail buildings.  
There is therefore a demand for a systematic and effective evaluation support 
framework based on a list of holistic criteria of the stakeholders and their objectives 
(Akadiri, Olomolaiye & Chinyio, 2013; Davoudpour, Rezaee & Ashrafi, 2012; Pan, 
Dainty & Gibb, 2012). 
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3.7 Decision-making systems suitable for the 
selection of ISTs 
Based on the extensive literature review, MCDA and matrix-based methods seem 
appropriate for the strategic selection of ISTs. The next section will explain the 
Directional Policy Matrix (DPM: matrix based technique) and Analytical Hierarchy 
Process (AHP: MCDA technique) in detail. 
3.7.1 Directional Policy Matrix (DPM) for the strategic selection 
of ISTs 
The Directional Policy Matrix (DPM) can be used in the strategic planning process to 
perform business portfolio analysis and make good strategic decisions in the selection 
of ISTs. The matrix (also known as GE/McKinsey Matrix) was originally developed by 
the General Electric (GE) industrial group in collaboration with the McKinsey consulting 
firm (Yudelson, 2009). It consists of a nine-cell (3X3) multi-factor matrix with two 
dimensions: Industry Attractiveness (IA) and Business Strengths/Competiveness (BS). 
IA is represented along the horizontal axis and measures market potential in terms of 
growth in sales and profits, while BS is represented along the vertical axis and 
measures the current strengths of an organisation in the market. Each dimension (IA 
and BS) is made up of a group of factors which can be evaluated either objectively or 
subjectively (Amatulli et al., 2011). These are established by interviewing experts and 
searching relevant documents (Dodgson et al., 2009) and provide the decision-maker 
with an opportunity to add factors/preferences into the decision process. For example, 
in the attractiveness dimension, other factors can be included such as market, 
competitive, economic, technological, social-political and user-related factors which are 
not included in the named factors but are important in the decision process. Dodgson, 
Gann and Salter (2008) explained that these dimensions represent the significant 
elements of the internal and external environment from which strengths, weaknesses, 
opportunities and threats arise, and the relative importance of these dimensions can 
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vary between firms and industries. Duan et al. (1995)  broke down the GE/McKinsey 
model into three components as shown in Figure 3.6. 
 
Figure 3.6: DPM Process (Source: Duan et al. 1995) 
1. Market attractiveness evaluator: is used to assess the market attractiveness 
of the business unit analysed. 
2. Business strength evaluator: is similar to the market attractiveness evaluator 
and is used to assess the business strengths for an option.  
3. Strategy generator: Based on the positions of market attractiveness and 
business strength, the strategy generator provides the recommended strategy 
for each unit analysed. The nine cell matrix assesses an option as being strong, 
medium or weak in terms of business strength, and assesses its market 
attractiveness as high, medium or low. The various options are represented by 
circles and positioned in one of the nine cells on the matrix, representative of 
the various levels of attractiveness and business strength which ultimately 
determine the business decision and strategy, such as investment, divestment 
or selective growth or harvesting strategies as represented in Figure 3.7. 
 
 
 
 
 
Image removed due to Copyright restrictions. 
 
 93 
 
 
Figure 3.7: DPM Matrix 
Change Factory (2014) suggests the business tactics for each cell depends on the 
position the nine cell matrix and explains them as follows:  
1. Leader: Focus resources on options in this cell. 
2. Growth leader: Grow by focusing just enough resources here. 
3. Cash generator: Milk segments in this sector for expansion elsewhere. 
4. Phased withdrawal: Move cash to options with greater potential. 
5. Custodial growth: Do not commit any more resources to options in this cell. 
6. Try harder: Determine if there are other ways in which you can build your 
capability for options in this sector for low levels of cash. 
7. Double or quit: Invest in your capability or do not invest in options. 
8. Divest: liquidate or move assets used in this cell to other options. 
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The model can be used for basic analysis and strategic planning in conjunction with, or 
as an alternative to, other tools (Amatulli, Caputo & Guido, 2011).  
Jolly (2012) developed a two-dimensional scale for evaluating technologies in high-tech 
companies, in which the evaluation criteria were categorised into two groups of 
attractiveness and competiveness. DPM is mostly used for strategic marketing 
decisions (Duan & Burrell, 1995) and has not been used for the strategic selection of 
ISTs in the construction industry. Previous studies have indicated the DPM is effective 
and reliable for strategic decisions. However, the effectiveness depends on 
establishing the accurate weightings of the attractiveness and competitiveness factors 
and it has been criticised for being too generic (Schilling & Schulze-Cleven, 2009). 
Therefore, the DPM is more helpful when used in combination with other methods. 
The next section describes the analytical hierarchy as another suitable method for the 
strategic selection of ISTs.  
3.7.2 Analytical Hierarchy Process (AHP) for the strategic 
selection of ISTs 
Analytical Hierarchy Process (AHP) is an MCDA method that employs decision 
analysis mathematics at different hierarchical levels to determine the priorities of 
various alternatives using pair-wise comparisons of different decision elements with 
reference to a common criterion (Saaty & Vargas, 2013). AHP can be used to make 
direct resource allocation, benefit/cost analysis, resolve conflicts, design, and optimise 
systems (ibid). AHP is a robust approach that is suited to wide use in practice (Belton, 
1986). It provides a hierarchical representation of the problem and handles both 
tangible and intangible attributes with a mechanism to ensure decision-makers’ 
judgements are consistent (Bruno et al., 2012; Saaty & Vargas, 2006).  
AHP is becoming one of the most common methods in environmental decision-making 
in the built environment due to its straightforward implementation and positive results 
(Akadiri, Olomolaiye & Chinyio, 2013; Kahraman & Kaya, 2010; Lee et al., 2010; 
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Subramoniam et al., 2013). It is the simplest decision-making method and provides 
accurate results, given a multitude of complementing and conflicting values. Several 
studies have used the AHP method, such as Fong et al. (2000) who developed a 
model for contractor selection to identify contractors with the best potential to deliver 
satisfactory outcomes. Eight factors involved in contractor selection were used to form 
the required model: tender price, financial capability, past performance, past 
experience, resources, current workload, past client/contractor relationship and safety 
performance. The study concluded by identifying the tender price as the most 
significant factor affecting the contractor selection and the validity of AHP method for 
this particular decision. Amer and Daim (2011) used the AHP model to prioritise and 
rank renewable energy technologies in Pakistan. The results of the study indicated a 
preference for mature, reliable and least expensive technologies. Similarly, other 
researchers have used AHP, such as Kahraman and Kaya (2010) to select the best 
energy alternatives for Turkey, while Stein (2013) used AHP to rank electric energy 
production technologies. 
Stakeholders in the retail construction industry find it difficult to select appropriate ISTs, 
due to the lack of a systematic selection method and process to prioritise and assign 
weights to relevant criteria for the selection process (Akadiri, Olomolaiye & Chinyio, 
2013). The AHP would be an appropriate method for such strategic selection decisions. 
The AHP process transforms comparisons which are mostly empirical into numerical 
values. This is the distinctive feature of AHP when compared to other techniques, 
which allows the elicitation of both qualitative and quantitative data in order to arrive at 
a desired goal (Pan, Dainty & Gibb, 2012; Wong & Li, 2008; Wong, Ng & Shahidi, 
2013). The problem is broken down into a hierarchy of criteria that can be easily 
analysed and compared in an independent manner. The basic procedure to carry out 
the AHP consists of the following steps.  
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1. Problem modelling 
This step involves an understanding of the decision-making context and process 
and a structuring of the problem into a hierarchy. It is essential to consider the 
environmental surroundings and all the stakeholders associated with the problem, 
and identify their different value systems (Buchholz et al., 2009; Merad et al., 2013) 
as different structures can lead to a different set of final ranking of alternatives 
(Ishizaka & Labib, 2011). The overall view of the complex decision problem is 
provided and structured as a hierarchy, with the goal or overall objective at the top 
most level, criteria (and sub-criteria) at the intermediate levels, while the lowest 
level contains the options/alternatives. The structure helps the decision-maker to 
assess whether the elements at each level are of the same magnitude so that they 
can be compared accurately (Saaty & Vargas, 2006). 
2. Comparative judgements  
This step measures the relative importance of the elements (attributes, 
characteristics) to the overall goal. This involves constructing a matrix of pair-wise 
comparisons of the elements at each level. Each element in an upper level is 
compared with respect to its importance with elements in the level immediately 
below it, using the (Saaty & Vargas, 2006) rating scale of numbers 1-9 as shown in 
Table 3.3. 
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Intensity of 
importance 
Definition Explanation 
1 Equal importance Both elements contribute equally to the objective 
3 Moderate importance Experience and judgement slightly favour one 
element over another 
5 Strong importance Experience and judgement strongly favour one 
element over another 
7 Very strong importance One element is favoured very strongly over 
another 
9 Extreme importance The evidence favouring one element over the 
other is of the highest possible validity 
2,4,6,8 Intermediate values between two 
judgements 
When compromise is needed 
Table 3.3: The Saaty Rating Scale (Adapted from Saaty, 2006) 
The decision-maker does not need to provide a numerical judgement but a relative 
value judgement by comparing two elements on a level and judging how important one 
of the two elements is to achieving the goal. For example, if A and B are the elements 
to be compared, then 1 defines that A and B are equal in importance while 9 defines 
that A is extremely more important. This provides for more accurate opinions and it is 
easier for the decision-maker to consider two elements than all the elements 
simultaneously (Ishizaka & Labib, 2011). A pair-wise comparison of 3 elements A, B 
and C is shown in Table 3.4. 
 A B C Eigenvector 
A 1 5 9 0.751 
B 1/5 1 3 0.178 
C 1/9 1/3 1 0.071 
Table 3.4: Pair-wise comparisons of three elements 
3. Calculation of the attribute weights 
The next step involves the calculation of the relative weights, importance or value 
of the elements relevant to the problem. The main aim of this step is to calculate 
the vector where components are the priorities of each element in the hierarchy, i.e. 
the weights to be assigned for each element of the hierarchy for calculating the 
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global score (Bruno et al., 2012). The priority (technically called eigenvector) 
column is the relative ranking of the criteria produced by dividing each element of 
the matrix with the sum of its column and gives the normalised pair-wise 
comparison matrix. Next, the average of elements in each row is computed and 
gives the estimate of relative priorities of elements being compared. For example, 
in the comparison of three elements A, B and C (Table 3.4), criteria A is the most 
important with a priority weight of 0.751, followed by B (0.178) and C (0.071). 
4. Consistency  
The final stage is to calculate a Consistency Ratio (CR) to verify the coherence of 
the judgements and this is an essential feature of AHP to eliminate inconsistent 
results (Wong and Li 2008). Saaty set the acceptable CR value for the different size 
of matrices. For example a 3x3 matrix (CR=5%); 4x4 matrix (CR=8%) and larger 
matrices (CR=10%). If the CR is above the acceptable value for the matrix, the 
judgements are untrustworthy with unreliable results and the exercise must be 
repeated or exempted from the analysis. Thus, for the results to be valid and 
consistent, the CR value should be lower than the acceptable value for the matrix. 
In the above comparison of three elements A, B and C, the CR is 4% indicating the 
weight results are valid and consistent (Saaty & Vargas, 2006). 
3.8 Summary  
This chapter has reviewed the decision-making process and methods for selecting 
ISTs. The selection of ISTs is a strategic decision usually based on information that is 
abundant but imprecise and difficult to sort and select. This is further complicated by 
the many decision-makers involved (client, architect, contractor, engineers, 
construction managers, etc.) with each playing a different role in the selection process, 
and also a number of factors, such as environmental, economic, social and technical 
factors, which influence the decision-making process, making it a multi-dimensional 
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problem. A systematic framework is needed to deal with such complex multi-faceted 
problems. 
The literature has reviewed existing decision-making methods and methodologies and 
also identified their potential use for the selection problem. Multi-criteria decision 
analysis (MCDA) was identified as an appropriate methodology capable of dealing with 
the strategic selection of ISTs. MCDA can help decision-makers make more consistent 
and rational evaluations of risk and uncertainty and takes into account the different 
perspectives of the decision-makers, facilitates the decision process and documents 
how decisions are made (Kahraman & Kaya, 2010). MCDA has been recognised as an 
important tool for environmental decision-making (Huang, Keisler & Linkov, 2011) and 
a decision support approach that provides a form of integrated sustainability evaluation 
(Wang et al., 2009).  
The literature review identified several existing decision support frameworks that can 
deal with multiple and conflicting criteria. However, they are not appropriate for the 
selection of ISTs for retail buildings as they do not reflect the objectives and selection 
criteria of stakeholders in the retail construction industry. There is no set of selection 
criteria specifically for the selection of ISTs for existing retail buildings, reflecting the 
criteria, values and weights of the key stakeholders. The existing frameworks are also 
too generic for direct adoption by stakeholders in the retail construction industry as they 
do not focus on the retail sector or consider the context in which they operate. 
Therefore, using such existing frameworks might lead to the selection of ISTs that are 
not relevant or suitable for retail buildings. As discussed, although the evaluation and 
selection of sustainable building technologies has been widely studied (Wang et al., 
2009), there are as yet no studies for the selection of ISTs specifically for the retail 
construction industry.  
This chapter has provided the basis for developing the theoretical framework for the 
proposed decision support framework presented in Chapter 6.   
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  Chapter 4
Research Methodology 
4.1 Introduction 
The previous chapters have provided the research context, aims and objectives 
(Chapter 1) and the main findings arising from the review of literature undertaken 
(Chapters 2 and 3). This chapter presents and justifies the research methodological 
design adopted to address the aim and objectives defined in Chapter 1. An overview of 
the overall research approach is introduced in relation to the aim, research questions 
and objectives. The need for a nested approach integrating research philosophy, 
approach and techniques employed is presented as well as the choice of a 
philosophical stance of critical realism (Section 4.3). Subsequently the use of multi-
phase mixed methods using an action research approach with an in-depth 
organisational case study to address the research questions is detailed (Section 4.4). 
Finally, the different methods adopted in the research to collect data and how they are 
analysed is presented (Section 4.5.1). The chapter concludes with a discussion of the 
ethical considerations (Section 4.7) and validation process of this research (Section 
4.8.1).  
4.2 Overall Research Approach 
The research problem was identified from the needs of the industry research partner (a 
leading UK retail contractor referred to as Company A). The aim of the study was to 
identify a solution to solve the selection problem for Company A and also contribute to 
the academic knowledge about the problem. To achieve the aim, a set of secondary 
questions and objectives were set (Section 1.5) with an overall goal to develop a 
solution for Company A that would also be applicable to the wider construction 
industry. The research is an example of an applied research that aims to identify and 
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address a real-world problem of interest to practitioners. Therefore action research was 
selected as the most appropriate underlying research approach for this study. Using 
the action research cycle, a multi-phase mixed method approach consisting of five 
phases was developed. Some of the phases within the action research were conducted 
as an in-depth organisational case with embedded units of analysis. This was due to 
the broad scope of the study and the nature of the Engineering Physical Science 
Research Council (EPSRC) Industrial CASE project; which is to undertake practical 
research within an industrial environment and taking into consideration the dynamic 
and diverse nature of the topic  
The overall research approach can be described as a multi-phase mixed method using 
an action research approach with an in-depth organisational case study as shown in 
Figure 4.1.  
 
Figure 4.1: Overall Research Approach 
This approach combines the objectives of both applied and basic research. It also 
contributes toward solutions related to practical problems and the creation of 
knowledge at the same time.   
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The next section explains the research methodology in terms of philosophical 
approaches, methodology and methods adopted for the research.  
Research Methodology: Nested Research  
The research methodology is the overall approach of the research process, which is 
the combination of processes, methods and tools for conducting research and it 
underpins the types of questions that can be addressed and the nature of evidence that 
is generated (Yin, 2014). A clear understanding of the constituent elements of research 
methodology and their interaction is required to generate an appropriate alignment 
between objectives and the research methodology (Bryman, 2012).  
Research in the built environment, as is the case here, usually involves human 
behaviour and its understanding and study to some extent. After the initial literature 
review, there was the need to evaluate the existing phenomena from a wider 
perspective, followed by an in-depth analysis with a case study to analyse the problem 
in detail and develop a solution to the problem. This was to ensure that the research 
objectives could be achieved and the findings validated (Fellows et al., 2009).  
Kagioglou et al. (2000) introduced the nested methodology, consisting of three 
components; philosophy, approach, and techniques. This has been adapted to provide 
an appropriate methodology that was holistic and systematic to the research and which 
assisted in tying together the research philosophy, research approach and research 
technique. Similarly, other researchers have used the nested approach for their 
doctoral thesis (Kasim, 2008; Ling, 2003). 
Figure 4.2 illustrates the main framework for the nested research methodology, 
consisting of three main interrelated themes: research philosophy, research 
approaches and research techniques. 
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Figure 4.2: A Nested Research Methodology (Adapted from: Kagioglou et al. 2000) 
The outer box represents the unifying research philosophy, which guides and 
energises the research approaches and research techniques. The research approach 
consists of the dominant theory generation and testing methods, i.e. the approach 
taken towards data collection and analysis; whereas the research techniques comprise 
data collection tools (Creswell, 2014). The following section will discuss each layer of 
the nested approach in further detail. 
4.3 Research Philosophy 
A research philosophy is a belief about the way in which data about a phenomenon 
should be gathered, analysed and used. According to Saunders et al. (2009), the 
research philosophy contains important assumptions about the way in which a 
researcher views the world. These assumptions will underpin the selection of research 
strategy and methods in pursuing the objectives. The philosophical considerations are 
usually hidden in the research but they need to be identified, as they strongly influence 
the reasoning of the research and both will influence the data required by the research 
and the analysis of such data (Creswell, 2014). Easterby-Smith et al. (2012) explains 
that an understanding and knowledge of ‘philosophical issues’ is very useful as it can 
help the researcher to firstly understand the overall components and procedures of the 
research to be undertaken. Secondly, it helps to recognise appropriate research 
Research Philosophy: Critical Realism 
Ontology 
Epistemology 
Research Approach: Multi-Phase Mixed Methods 
Qualitative 
Quantitative 
Research Techniques 
Literature review, Case Study, Interviews, Questionnaire 
surveys, Observation, Focus Group Workshops etc. 
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designs to solve research problems and lastly to identify and even create designs that 
may be beyond the researcher’s experience.  
Therefore, it is important to consider the different branches of research philosophy 
while undertaking any scientific research. Bryman (2012) mentions there are two main 
philosophical schools of thoughts in social research; ontological and epistemological. 
These philosophies describe perceptions, beliefs and assumptions and the nature of 
reality and truth and can influence the way in which the research is conducted. A third 
philosophical branch is axiology, which studies the judgements about value. In simple 
terms, ontology seeks to identify the nature of the reality; epistemology shows how 
knowledge is acquired and accepted about the world and axiology is the nature of the 
values the researcher places on the study (Bryman, 2012; Easterby-Smith, Thorpe & 
Jackson, 2012; Saunders, Lewis & Thornhill, 2009).   
For the purpose of this study, the most pertinent philosophical assumptions are those 
related to the basic epistemology which guides research. Epistemological foundations 
refer to the assumptions about knowledge and how it can be obtained (Saunders, 
Lewis & Thornhill, 2009). It looks at the theory of knowledge, especially with regard to 
its methods, validation and the possible ways of gaining knowledge in the assumed 
reality. There are two main methodologies, or research communities, that dominate the 
study of construction management: the interpretivist approach and the positivist 
approach (Amaratunga et al., 2002; Blumberg et al., 2014).  
The interpretivist approach is also sometimes referred to as the hermeneutic, 
phenomenology, constructivist, postmodern interpretivism relativist approach (Coghlan 
et al., 2005). Interpretivist studies analyses the way physical events are perceived and 
experienced rather than focusing upon the events themselves (Fellows & Liu, 2009) 
using qualitative methods (Saunders, Lewis & Thornhill, 2009). The interpretivist 
approach argues that the researcher is an integral part of the research process; 
specific observations from data collected (not necessarily in quantitative form) can be 
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used to suggest generalisations which may lead to discovery of a lawful relationship if 
repeatedly tested and confirmed (Coghlan & Brannick, 2005).   
The positivist approach is defined primarily by the view that ‘an external reality exists 
and that an independent value-free research can examine this reality’ (Coghlan & 
Brannick, 2005). Positivist studies generally attempt to test theory, in seeking to 
increase the predictive understanding of phenomena (Easterby-Smith, Thorpe & 
Jackson, 2012) and use quantitative methods (Saunders, Lewis & Thornhill, 2009). The 
approach is devoted to pursuing explanations, which take the form of general laws, 
validated by logic, measurement and consistency of predictions and control; here the 
research is neutral and detached from its setting (Coghlan & Brannick, 2005).   
Both paradigms (positivism and interpretivism) have had their share of criticism as to 
their understanding and application in research. On the one hand it is argued that 
through interpretative research it is not possible to generalise theory; as the same 
phenomenon observed by two individuals could have different conclusions due to their 
differences in preconceived notions and background beliefs (Fellows & Liu, 2009). On 
the other hand, positivism was originally used to study natural science and thus was 
criticised when applied to social science. As social science deals with human 
behaviour, it is argued that humans cannot be treated as objects and theories, which 
lead to definite laws, because humans are influenced by feelings and perceptions 
(Easterby-Smith, Thorpe & Jackson, 2012). Fellows and Liu (2009) explain that 
persuasive interpretation is necessary but not sufficient, as interpretation cannot be 
causally valid, despite the best attempts to attain clarity and certainty. Both 
interpretation and scientific verification are essential, and the use of both quantitative 
and qualitative methods should be considered in order to pursue explanations for both 
the cause and the meaning of findings. Thus, a third approach ‘critical realism’ is 
suggested (Bryman, 2012; Easterby-Smith, Thorpe & Jackson, 2012). This approach  
provides a compromise between the stronger versions of positivism and 
constructionism (Easterby-Smith, Thorpe & Jackson, 2012). It has a subjectivist 
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epistemology similar to interpretivists, but an objectivist ontology like the positivists and 
aligns with action research (Coghlan & Brannick, 2005). Table 4.1 shows a brief 
overview of the three approaches described. 
Philosophical 
Foundations 
Positivism Interpretivisim Critical realism and action 
research 
Ontology Objective Subjective Objective 
Epistemology Objective Subjective Subjective 
Theory Generalised Particular  Particular 
Role of researcher Distance from data Close to data Close to data 
Table 4.1: Research Paradigms (Adapted from Coghlan and Brannick 2005) 
4.3.1 Adopted Research Philosophy: Critical Realism 
This research aims to develop a Decision Support Framework to assist stakeholders in 
the retail construction industry select innovative sustainable technologies (ISTs). This 
can only be accomplished by understanding the current state-of-art of selecting ISTs, 
stakeholders’ perceptions on the selection of ISTs and factors influencing the adoption 
in the retail construction industry. Thus, the philosophical considerations embedded in 
the research address the characteristics of stakeholders in the retail construction 
industry in gaining knowledge, through both empirical experiencing and rational 
perception/reflection. It also enables the dynamic nature of the research context to be 
taken into account in the research design. The research therefore examined the 'reality' 
of the knowledge to which it attempted to contribute, and the way in which the 
knowledge has been claimed and justified.  
Drawing on the philosophical debate presented, the research approached the 'reality' of 
knowledge and adopted a critical realism approach, with a research design that was 
essentially positivist in nature but interpretivist in manner. Although questionnaire 
surveys were used in the study (positivist approach), its adoption was considered using 
an interpretivist approach, with the intent of recognising the individual viewpoints of 
practitioners and researchers involved in the process. The researcher valued 
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stakeholders’ opinions and insights on the subject and through them tried to 
understand the challenges facing stakeholders in the retail construction industry to 
support further developments of the research.  
A positivist believes that the process of research is value free, in terms of axiological 
assumption, and will search for causal explanations and fundamental laws using the 
deductive approach for the research (Easterby-Smith, Thorpe & Jackson, 2012; 
Remenyi, 1998). As a result, the researcher detaches him or herself from the research 
environment and takes the role of an independent observer without interfering with the 
research environment, and will not allow values and bias to distort the research result  
(McNiff et al., 2012). In the present case, even if all precautions were taken not to 
interfere with the research environment, the fact is that the researcher engaged in this 
project because she was involved in the process. The research could not take a purely 
positivistic approach, as the researcher was not independent of the research matter, 
and there was an awareness that the researcher would both affect and be affected by 
the research subject. Thus the critical realism approach was considered the most 
appropriate for the study. 
4.4 Research Approach 
Creswell (2014) describes the research approach as ‘plans and the procedures for 
research that span the steps from broad assumptions to detailed methods of data 
collection, analysis and interpretation’. The selection of a suitable research approach is 
governed by: the nature of the enquiry and types of questions being posed, the extent 
of the researcher’s control over the actual behavioural event, and the degree of focus 
on contemporary elements (ibid). A wide range of research methods exist (such as 
experiment, case study, survey etc.) and fall under two classical and distinctive 
epistemological positions, which are qualitative and quantitative.  
The quantitative research approach is often associated with true science; it starts with 
the researcher’s point of view, which is later transformed into research questions and 
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hypothesis (Creswell, 2014). It emphasises quantification in the collection and analysis 
of data (numerical measurement, statistics and mathematical models to test 
hypotheses), entailing a deductive approach to the relationship between theory and 
research, and supports the view of the positivist paradigm that there is an objective 
reality that can be measured (Saunders, Lewis & Thornhill, 2009; Yin, 2014). On the 
other hand, qualitative research approaches are used to investigate participants’ views 
regarding general and broad questions. These approaches gather data (consisting 
mainly of statements in text or word), depict and break down these statements to 
identify themes and, in general, carry out the investigation of a subjective matter in an 
unbiased manner. Qualitative research has as an inductive view of the relationship 
between theory and research, where the theory is generated from the research 
(Bryman, 2012). It is therefore related to theory and emphases words rather than 
quantification in the collection and analysis of data, making specific observations and 
inferences about larger and more general phenomena (Naoum, 2013).  
In summary, both approaches have their strengths and weaknesses depending on the 
research aim and objectives, as illustrated in Table 4.2. 
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COMPARISON 
DIMENSION 
QUALITATIVE RESEARCH QUANTITATIVE RESEARCH 
Alternative labels  Constructivist, naturalistic, ethnographic or 
interpretative 
Positivist, rationalistic or functionalist 
Objective/purpose To gain understanding of underlying 
reasons and motivations 
To provide insight into the settings of a 
problem, generating ideas and/or 
hypotheses for later quantitative research. 
To uncover prevalent trends in thought and 
opinion 
Inductive in nature 
Subjective  
To quantify data and generalise results 
from a sample to the population of 
interest 
To measure the incidence of various 
views and options in a chosen sample. 
Deductive in nature 
Objective  
Data collection Small sample size, Informative 
Participant observation, semi-structured 
and unstructured interview, focus groups, 
conversation and discourse analysis 
Large sample, representative 
Structured interview, self-administered 
questionnaires, experiments, structured 
observation, content analysis/statistical 
analysis 
Data analysis Non-statistical (subjective, interpretative) Statistical and summarisation (usually 
in the form of tabulations). Findings are 
conclusive and usually descriptive in 
nature 
Outcome Exploratory and/or investigative. 
Findings are not conclusive and cannot be 
used to make generalisations 
Descriptive of Causal (Used to 
recommend a final course of action) 
Strengths  Data gathering methods seen as natural 
rather than artificial 
Ability to look at change process over time 
Ability to understand people’s meaning 
Contribute to theory generation 
Provide wide coverage of the range of 
situations 
Fast and economical 
Statistics from large samples might be 
applicable to policy decisions 
Weaknesses  Data collection can be tedious requiring 
more resources 
Analysis and interpretation of data may be 
difficult 
Harder to control the pace, progress and 
end points of research process 
Tend to be rather inflexible and artificial 
Not very effective in understanding 
process 
Not very helpful in generating theories 
Table 4.2: Comparison of Quantitative and Qualitative Research (Adapted from: Amaratunga et 
al. 2002, Neuman 2006) 
The mixed method approach is the concept of using multiple methods (both 
quantitative and qualitative) to generate and analyse different kinds of data in the same 
study (Creswell, 2014). It is also known as an integrated approach, hybrid approach 
and combined methods (Blaikie, 2009). Both qualitative and quantitative methods can 
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be used to collect data for action research. Each method can be used to elicit a specific 
type of information or combined to support and complement one another (Yin, 2014). 
Creswell (2014) suggests there are three basic strategies within the mixed method 
approach: convergent (concurrent use of both qualitative and quantitative methods), 
explanatory (sequential use with quantitative pre-ceding) and exploratory (sequential 
use in the reverse order). He further explains three advanced strategies incorporating 
these basic forms: embedded (one type of method is supplementary to the other), 
transformative (data could be converged or ordered sequentially with one building on 
the other) and multi-phase (concurrent or sequential strategies used in tandem over 
time to best understand a long-term project goal).  
Modern construction research benefits from the merits of a mixed method approach 
(Amaratunga et al., 2002) which has been used in construction management studies; 
Baba (2013) used an exploratory mixed method approach to develop a Decision 
Support Framework for low carbon housing design and delivery in the UK. He used 
qualitative semi-structured in-depth interviews followed by quantitative on-line 
questionnaires. Also, Osmani and O'Reilly (2009) used a mixed method approach to 
present the house builders’ perspectives on the feasibility of building zero carbon 
homes in England by 2016. Their investigation was carried out using quantitative 
(questionnaire survey) and qualitative methods (semi-structured interviews) of 
research. Similarly, Isiadinso et al. (2011) used the mixed method approach to explore 
the complexity of the contexts, philosophies and demonstrations involved in best 
practice for low carbon buildings through an online survey and interviews with thirteen 
experts. These previous studies indicate the importance of adopting mixed methods to 
include the advantages of approaches and to yield better outcomes rather than using 
either qualitative or quantitative methods alone. As suggested by (Yin, 2014), the 
researcher therefore used multiple sources of evidence (rather than a single) and 
triangulated evidence to compensate for the weaknesses of one method over the other 
and to provide a cross-check and complete perspective of the investigation.
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4.4.1 Adopted Research Approach: Multi-Phase Mixed Method 
Approach 
A multi-phase mixed method using an action research approach with an in-depth 
organisational case study was adopted. Other researchers have also used the adopted 
research approach for their doctoral dissertations in construction management. 
Fieldson (2007)  used an iterative action research methodology to develop a framework 
for sustainability in UK retail architecture. Case studies and mixed methods were used 
to refine the framework to develop a working proposal. Hasan (2009) used both 
quantitative and qualitative research approaches based on an action research 
methodology and case studies to investigate the decision-making process for structural 
frame construction. He suggested the adopted approach was more powerful than using 
a single approach. Yang et al. (2009) developed a framework for managing 
stakeholders in construction projects using an action research and mixed method 
(interviews and questionnaires) but did not use case studies, while Ling (2005) used 
action research and case studies and qualitative methods only.  Therefore the adopted 
research has proven to be successful in construction management research 
The next section first explains action research and its suitability to the research, 
followed by an explanation of the multi-phase mixed method approach.  
4.4.1.1 Action Research 
Action research (AR) was conceived by Kurt Lewin and later refined and elaborated by 
other behavioural scientists. Action research is defined as an approach in which the 
researcher and a client (in this case Company A) collaborate in the diagnosis of a 
problem and in the development of a solution based on the diagnosis (Bryman, 2012). 
Often the emphasis of action research is concerned with deeply understanding specific 
practices and issues in the system and change in real-world organisations (McNiff & 
Whitehead, 2012), making the researcher  an active participant in the change process 
under investigation. According to (Blumberg, Cooper & Schindler, 2014), there are four 
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main characteristics of action research as follows: (a) It addresses real-life problems 
and is bounded by the context; (b) It is a collaborative venture of researchers, 
participants and practitioners; (c) It involves a continuing reflection process of research 
and action; and (d) The credibility and validity of action research are measured by 
whether the actions solve the problems and realise the desired change. Action 
research is appropriate for making planned changes. In such cases the researcher 
begins with a known problem and gathers information to provide a tentative problem 
solution (Sekaran et al., 2010). The key advantages of using action research include: it 
provides an experience for researchers who want to work closely with the practitioner 
community; it can be used in many research modes, both to generate a new theory and 
to reinforce or contradict an existing theory; and it can be combined with other research 
methods in order to diversify a research project (McNiff & Whitehead, 2012)  
There are a variety of commonly used models of action research, but the frequently 
referenced authors in the literature are Gummesson (1988); Lewin (1946); Susman 
(1983); which provide representative examples of the different approaches. Lewin’s 
action research model consists of a spiral of four phases: planning, acting, observing 
and reflecting (Lewin, 1946). Susman’s model consists of five phases: diagnosing, 
action planning, taking action, evaluating and specifying learning. The first step is the 
identification of a problem, followed by collecting information about the problem. Then 
the data is analysed to find potential solutions and based on the analysis, one possible 
solution or intervention is implemented. Later the data on the outcome of the 
intervention is studied and reviewed. The problem is reassessed and the cycle starts 
again and continues to evolve until an adequate solution is found (Susman, 1983).   
The basic arrangement of this research was based on the phases of the action 
research cycle; in which experience, reflection, conceptualisation and pragmatism were 
carried out in a sequential journey (Susman et al., 1978). This was an extremely useful 
technique for researching relationships, behaviours, attitudes, motivations, and 
stressors in an organisational setting (Fieldson, 2007). The cycle involved an iterative 
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process involving the researcher and professional peers acting together to: (a) Identify 
the problem, (b) Consider alternative courses of actions to solve the problem, (c) Select 
a course of action to develop a solution and (d) Test the solution to solve the identified 
problem  and (e) Identify the learning’s and disseminate the findings Figure 4.3.   
 
Figure 4.3: Phases within an action research (Adapted from Susman & Evered 1978) 
There are many ways to do action research. It is a research paradigm which includes a 
variety of research approaches. Within the paradigm there are several established 
methodologies that can be used and each of these draws on a number of methods for 
information collection and interpretation (Coughlan et al., 2002). Therefore, action 
research can be described as an umbrella term covering a variety of research 
approaches in which both qualitative and quantitative methods can be used (Bryman, 
2012).  
In the context of this research, the aim of the study was to solve the problem faced by 
Company A (complex task of selecting ISTs for existing retail buildings) and also 
contribute to the academic knowledge about the problem. Therefore, the research 
questions and aims posed are essentially drawn from a perceived need to promote 
change within the client organisation in regard to selecting.  Thus, during the research 
DIAGNOSING:
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the problem
ACTION PLANNING:
Considering alternative 
courses of action for 
solving a problem
ACTION TAKING:
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of action
EVALUATING:
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of an action
SPECIFYING 
LEARNING:
Identify general learning 
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R E S E A R C H
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study, the researcher played the dual role of a management consultant (helping 
Company A) and academic researcher (disseminating findings from the study to the 
wider construction industry through publications, reports and thesis, with respect to the 
confidentiality of the client). The researcher examined both the current state of art of 
Company A in selecting ISTs for existing retail buildings, and the use of a proposed 
Decision Support Framework to assist Company A in the complex task of selection. 
This was done with professional peers from Company A involved in the design and 
construction of retail buildings, and also with professionals from the wider retail 
construction industry. 
Gummesson (1988) provided ten major characteristics of action research which have 
been used by various researchers (Coughlan & Coghlan, 2002; Yang et al., 2009).  
Table 4.3 describes the application of action research (AR) in this research 
corresponding to the 10 major characteristics stated by Gummesson (1988).  
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Action Research Characteristics  
 
Research Approach 
Action researchers take action The researcher was involved with the client organisation as a 
management consultant to help identify, analyse and select ISTs for 
existing retail buildings. 
Always involves two goals; solve a 
problem and contribute to knowledge 
In terms of problem solving, the research has supported the client 
organisation with the complex task of selecting ISTs and has developed a 
Decision Support Framework (DSF) that was used to support the 
organisation select ISTs. 
In terms of contribution to knowledge, the researcher did not only engage 
in the management processes, but also stood back from it, summarised 
the outcomes, and reflected the outcomes to the developed DSF.  
Is iterative The researcher conducted a pilot study to test the DSF; the aim was to 
improve the framework based on the feedback received.  
Aims at developing holistic 
understanding during a project and 
understanding complexity 
Exploratory studies were done with both the wider retail construction 
industry and the client organisation to understand why there is a slow 
uptake of ISTs and the current state of art for selecting ISTs to establish 
the context of the research and define the concepts, practices and 
traditions using the researcher's insight and experience in the area of 
study or ‘Pre-understanding’ (Coughlan & Coghlan, 2002) and validate or 
challenge the assumptions arising. 
Is fundamentally about change The research has brought about a change in the perception of the 
selection of ISTs as a complex decision-making problem.  
Can include all types of data gathering 
methods 
Both qualitative and quantitative methods such as surveys, interviews, 
focus groups and workshops were used.  
Requires an understanding of the 
ethical framework, values and norms 
within which it is used in a particular 
context 
The research involved signing of a non-disclosure agreement with the 
sponsoring company and ethical approval was sought from the 
participants prior to data collection. 
Requires a breadth of pre-
understanding of the corporate 
environment of business, the structure 
and dynamics of operation systems 
and the theoretical underpinnings of 
such systems  
Although the research focus was with the retail team of the sponsoring 
company, the research was conducted as an organisational case study to 
understand how the business currently innovates.  
Should be conducted in real time, 
though AR can be retrospective also  
The developed Decision Support Framework was validated with expertise 
within the client organisation in order to select ISTs. 
The action research paradigm requires 
its own quality criteria 
The outcomes from the AR have been validated by the retail team and 
other teams (housing, schools etc.) of the client organisation, retail clients, 
construction and academic professionals, both nationally and 
internationally. 
 
Table 4.3: Characteristics of action research and its application in this research (Adapted from 
Gummesson,1988) 
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4.4.1.2 Multi-Phase Mixed Method Approach 
Using the action research cycle, a multi-phase mixed method approach consisting of 
five phases was developed. This involved the collection, analysis and mixing of both 
the quantitative and qualitative data in a single and series of studies, done either 
parallel or in sequence (Blaikie, 2009); comprising both inductive and deductive 
approaches. 
The research was performed in five phases and each phase consisted of multiple 
methods of data collection, in which both qualitative methods (QUAL) and quantitative 
(QUAN) data was collected and analysed separately or concurrently as shown in 
Figure 4.4. 
 
Figure 4.4: Multi-phase Mixed Method Approach 
The researcher first conducted an extensive review of literature to establish the 
research context, which also served to provide the secondary data to the research 
problem (Chapter 2).  
 118 
 
In Phase 1, an exploratory study was conducted with stakeholders from the wider retail 
construction industry (using a qualitative method) to ascertain the research problem. 
The empirical findings from Phase 1 and literature review provided a broad overview of 
the problem facing stakeholders in the retail construction industry and provided the 
basis for the next phase.  
Phase 2 was a follow up study (using both qualitative and quantitative methods) to 
explore the research problem in detail and to understand the underlying cause of the 
problem. The findings from the literature review, Phases 1 and 2 were triangulated 
(exploratory sequential mixed methods) to provide a comprehensive analysis of the 
problem and informed the next phase of the study (Creswell, 2014).  
Phase 3 involved a further literature review to identify available and potential methods 
that could be used to solve the problem (Chapter 3) and a Decision Support 
Framework was developed using a qualitative method (Chapter 6). The subsequent 
phases of the research built on the developed Decision Support Framework.  
In Phase 4, the framework was validated with Company A (using both qualitative and 
quantitative methods) and this was followed by validating the framework with the wider 
construction industry (using a quantitative method) in Phase 5. The aim was to 
triangulate findings from Phases 4 and 5 (explanatory sequential mixed methods) to 
ensure the research findings can be generalised and applicable to the wider 
construction industry. 
The mixed method approach was used mainly to improve the reliability and validity of 
the research outcomes with concurrent procedures planned in terms of strategy of 
inquiry, and the combination of both qualitative and quantitative data to provide a 
comprehensive analysis of the research problem (Creswell, 2014).  
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4.5 Research Methods and Techniques 
Research techniques refer to the methods used to collect data. There are a wide range 
of research methods available, and each method can be used to produce a specific 
type of information or they can be combined to support and complement each other.  
To aid the method selection process Yin (2014) highlights three conditions which can 
be considered; (a) type of research questions; (b) extent of researcher’s control over 
actual behavioural events and (c) the degree of focus on contemporary rather than 
historical events. Using these conditions, he suggested five common research 
strategies against various possible situations as collated in Table 4.4, which also 
shows  their applicability to the research. 
Method Form of research 
question 
Requires control of 
behavioural events 
Focus on 
contemporary 
events 
Applicability 
to research 
Experiment How, why? Yes Yes NO 
Survey Who, what, where, how 
many, how much 
No Yes YES 
Archival 
Analysis 
Who, what, where, how 
many, how much? 
No Yes/No YES 
History How, why? No No NO 
Case Study How, why? No Yes YES 
Table 4.4: Relevant situations for different research methods (Adapted from: Yin, 2014) 
The key point to consider in selecting a research method is the logical analysis of the 
links between data collection and analysis, as well as the main questions to be 
addressed, and the conclusions (Fellows & Liu, 2009). Therefore, the research 
methods were selected considering: the research questions, kind of data to be 
collected; and the data analysis approach. 
4.5.1 Adopted Research Methods 
A multi-phase mixed method was adopted to achieve the research aim and objectives. 
Methods used comprised: Literature Review, Case Study, Focus Groups and Surveys. 
These were determined by considering the context in which the research was to be 
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undertaken and were chosen to collect information that would provide systematic and 
reliable evidence to achieve the aim and objectives. Some of these methods were used 
in more than one phase of the study and in combination with other methods as 
illustrated in Table 4.5. The methods adopted will be first explained in their general 
terms and then it will be explained how they were used in each phase of the research.  
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PHASE 
 
RESEARCH QUESTION 
 
OBJECTIVES 
  
RESEARCH METHODS 
 
DATA SAMPLE 
 
DATA ANALYSIS 
1 How can ISTs assist in achieving 
low carbon retail buildings? 
Review the current use of ISTs to 
achieve low carbon retail buildings 
 Literature Review 
Unstructured Interviews 
 Document Analysis 
1 Where is there a slow uptake of 
ISTs in existing retail buildings 
(ERBs)? 
Identify the perspectives of various 
stakeholders on the drivers for and 
barriers to  selecting ISTs for ERBs 
 Literature Review 
Unstructured Interviews 
Focus group 
Stakeholders from the wider 
retail construction industry 
involved in the design and 
construction of retail buildings 
Coding and 
thematic analysis of 
drivers, barriers and 
challenges 
2 
 
What is the gap in current 
decision-making methods used in 
selecting ISTs for ERB’s? 
Review the current decision-making 
systems and methodologies used for 
selecting ISTs for ERBs 
IN
-D
E
P
T
H
 O
R
G
A
N
IS
A
T
IO
N
 S
T
U
D
Y
  
Company document analysis, 
Questionnaire Survey 
Unstructured Interviews 
Expertise from Company A at 
group, subsidiary and project 
level 
Tabular description 
statistics 
3 
 
 Explore available decision-making 
systems and methodologies  
Literature review 
Unstructured Interviews 
 Document Analysis  
3 How can the selection of ISTs be 
optimised to improve the uptake 
in for ERBs? 
Develop a Decision Support 
Framework (DSF) 
Literature review  
Company document analysis 
Unstructured Interviews 
 Document Analysis 
4 
 
Can the selection of ISTs be 
optimised by the use of a 
Decision Support Framework? 
To validate the DSF in a real context 
(Pilot Study) 
Focus Groups 
Questionnaire Survey 
Unstructured Interviews 
Expertise from Company A at 
group, subsidiary and project 
level 
Tabular description 
statistics 
5 
 
 Validate the DSF with the academic 
professionals from the wider 
construction industry 
 Questionnaire Survey Professionals from the wider 
construction industry 
Tabular description 
statistics 
Table 4.5: Research Methods Adopted
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4.5.1.1 Literature Review 
A literature review is the compilation of information in a subject area with the aim of 
reviewing the critical points of current knowledge (Fellows & Liu, 2009). It is believed 
that prior theory in the subject area should be identified through a literature review 
(Bryman, 2012). This provides substantial findings, such as; existing information about 
the topic; concepts, theories and research methodologies; theoretical and 
methodological contributions applicable to the subject area, and it also links the 
proposed research to the current state of relevant knowledge (Blaikie, 2009; Yin, 
2014).   
The literature review was undertaken throughout the study to build up a solid 
theoretical base for the research methodology, together with a foundation for identifying 
and addressing the problems and achieving the research objectives. As a starting point 
for the research, a literature review was conducted to gain knowledge of the current 
issues faced by stakeholders in the selection of ISTs for existing retail buildings 
(Chapter 2) and subsequently to identify the research problems and form the aims and 
objectives as discussed in Section 1.5. After the aim and objectives were identified, a 
more focussed literature review was conducted relating to the problem. This stage of 
the literature review formed the underpinning knowledge to Phases 1 and 2 of the 
study and provided a general understanding of the previous work undertaken in the 
subject area, to identify the gap in knowledge, define the research problem and 
indicate areas for further investigation as presented in Chapters 2 and 3. After 
identifying the research problem, existing decision-making methods and methodologies 
were reviewed to understand the current state of art of selecting ISTs (Chapter 3) 
which then provided the secondary data for Phase 3 and the basis for developing the 
Decision Support Framework (Chapter 6). An on-going literature provided supporting 
data for Phases 4 and 5. 
The literature review was on-going throughout the research, and was qualitative in 
nature, as the inductive approach drove the order of data collection. A variety of 
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sources was used, such as: books, journal articles, conference and working papers of 
research in progress, theses, government publications, official statistics, annual reports 
and company specific information, published and un-published articles in the subject 
area using Metalib and the world wide web (Internet). Figure 4.5 shows the literature 
review providing secondary data to all phases of the research. 
 
Figure 4.5: Application of literature review during the research process 
Primary data was collected using case study, interview, focus groups and surveys and 
are explained in the next sections. 
4.5.1.2 Case Study 
The case study method provided an opportunity to study several contexts within the 
case study and to provide points of reference to compare results either across time or 
across cases (Yin, 2014). This approach also enabled the involvement of a wide range 
of stakeholders in the retail construction industry to diagnose the problems and develop 
a solution that would be applicable to other stakeholders, both in the retail and wider 
construction industry.  
A case study is an empirical inquiry that investigates a contemporary phenomenon 
within its real-life context, especially when the boundaries between phenomenon and 
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context are not clearly evident  (Yin, 2014). They are used when the researcher intends 
to support his/her argument by an in-depth analysis of a person, a group of persons, an 
organisation or a particular project (Naoum, 2013) and is suitable for use when trying to 
answer ‘how’ and ‘why’ questions of research (Bryman, 2012). A case study may 
involve the examination of a single case or multiple cases. According to Yin (2014), a 
case study can be exploratory (i.e. cases are used to define the questions and 
hypothesis of a subsequent study), descriptive (i.e. cases are used to provide a 
complete description of a phenomenon within its context) or explanatory (i.e. cases are 
used to provide data collection and testing on cause and effect relationships).  He 
further explains four types of case study; single-case (holistic) designs, single-case 
(embedded) designs, multiple-case (holistic) designs, and multiple-case (embedded) 
designs.  
Yin (2014) describes a single case study as an opportunity to study several contexts 
within the case; a number of different cases in the single firm; or, the number of cases 
studied can be different from the number of firms. He further explains three rationales 
for conducting a single-case study: (a) The case presents a critical setting for testing an 
existing theory, whether the goal is to confirm, challenge or extend it; (b) The case has 
unique or extreme characteristics; or, (c) The case study exists in a situation whereby 
an investigator has opportunity to observe and analyse a phenomenon previously 
inaccessible to scientific investigation. 
In the context of this research, the study aims to solve the practical problems faced by 
Company A and develop a solution applicable to both Company A and the wider 
construction industry. A single case study with multiple embedded units of analysis was 
selected as an appropriate research method for Phases 2, 3 and 4 of the study due to 
the following reasons. Firstly, the researcher wanted to understand the context as well 
as practice based problems, as the research and theory were at their conception 
phases (Benbasat et al., 1987; McNiff & Whitehead, 2012). Secondly, the researcher 
was mainly interested in ‘process rather than outcomes, in context rather than a 
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specific variable, in discovery rather than confirmation’ (Merriam, 2014). Thirdly, to 
understand the processes as they occur in their context (Amaratunga et al., 2002). 
Therefore, a single-case study method was considered appropriate to understand the 
phenomenon in its natural setting (Yin, 2014), to gather stakeholders’ viewpoints 
(Merriam, 2014) and to reveal the practice-based problems (Benbasat, Goldstein & 
Mead, 1987) for Phases  2, 3 and 4 of the research study.   
Company A was selected as the single case study and used as a prototype to 
represent the wider construction companies in the UK due to the following reasons: 
1. Industry Sponsor of the Engineering Physical Science Research Council 
(EPSRC) Industrial Case project: Company A provided the researcher with an 
opportunity to work closely with the organisation at group, subsidiary and 
project level (with employees, retail clients, supply chain and external 
consultants), to identify the problem, develop a solution and validate it.  
2. Key Stakeholder in the selection of ISTs: Company A is involved in the design 
and construction of retail buildings with designers and constructors, who were 
identified as key stakeholders in the selection of ISTs. 
3. Innovation Broker to promote the uptake of ISTs in the retail construction 
industry: Company A can act as innovation broker and promote ISTs; which 
can lead to large scale adoption and implementation in the retail construction 
industry. Contractors have been identified to have contacts with both the 
institutions developing new products (materials and components suppliers, 
developers of energy appliances, specialist consultants) and the ones that 
need to adopt these innovations (clients, regulators and professional 
institutions) (Beerepoot & Beerepoot, 2007; Miozzo & Dewick, 2002; Winch & 
Courtney, 2007). They are a link between suppliers and users of ISTs.   
4. Large UK Construction Company and Leading Retail Contractor: Company A 
is one of the UK’s largest privately owned construction companies with a 114 
 126 
 
year heritage delivering construction and design solutions, principally in 
Housing, Retail and other construction (and re-fit), Interiors and Land 
Development and has a diverse range of clients as shown in Figure 4.6. It is 
also amongst the top 40 UK interior and fit-out contractors in the UK and an 
active member of UK Contractors Group (UKCG) which represents the 
fourteen leading UK contractors and their trade associations on construction 
specific issues. The UKGC represents over 30 leading construction 
companies, who together account for a third of industry turnover. 
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Figure 4.6: Overview and Structure of Company A (Source Company A, 2013a)
 
 
 
 
 
 
 
 
 
 
 
Image removed due to Copyright restrictions. 
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Similarly, various researchers have used case studies as a relevant and adequate 
research approach to investigate current practices in construction management 
(Akadiri, Olomolaiye & Chinyio, 2013; Olander, 2006; Pan, 2006; Udeaja, 2002). The 
studies provided an empirical inquiry into the real-life context of the research work and 
were considered to be useful in situations when the research context was too complex 
for other methods, such as experimental strategies. However, a common criticism of 
single case study is that its dependence on a single case renders it incapable of 
providing a generalising conclusion (Gummesson, 1988; Yin, 2014). To overcome this 
problem, Yin (2014) argues that the goal of the study should establish the parameters, 
and then these should be applied to all research. Hence, even a single case could be 
considered satisfactory as long as it fulfilled the established criteria. For that reason, 
Phases 1 and 2 were to identify the research problem from both the wider retail 
construction industry as well as an in-depth case study. Similarly, Phases 4 and 5 were 
to test the Decision Support Framework with the case study and validate it with the 
wider construction industry. This approach was used to triangulate the findings from 
different sources to provide more persuasive, convincing and robust results 
(Amaratunga et al., 2002; Yin, 2014) and overcome the criticism of a single case study 
and issues of generalisation. 
4.5.1.3 Focus Group 
A focus group is a dynamic, in-depth and moderated discussion by a group of people 
with some shared expertise in, social/cultural experiences of, or concern over an 
issue/phenomenon (Bryman, 2012; Morgan, 1997a; Stewart et al., 2014). It can be 
described as a moderated group interview to discuss a given topic with the following 
advantages: (a) it can be used as an expert group decision-making technique; (b) the 
researcher can learn from the participators’ discussion; (c) all participants meet on one 
occasion to discuss an issue moderated by the researcher (Morgan, 1997b). This is 
time efficient compared to interviews, and the perceptions about a specific study can 
be explored. However, they do not provide an in-depth understanding of each 
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participant and there is the risk that some participants might dominate the discussion 
(Morgan, 1997a). In such cases the researcher would need to ensure all the 
participants contribute to the discussion and that no member dominates the group 
(Sekaran & Bougie, 2010).   
Focus groups can be used as part of action research, as a stand-alone method or in 
combination with other methods to collect data (Bryman, 2012; Morgan, 1997b). For 
example in a pilot study to explore an unknown dimension of the topic; in a main study 
to collect data or complement other methods, or it can be used at any time during the 
research to review progress, interpret findings and draw conclusions for 
implementation. Focus groups are a form of qualitative research, which can serve a 
number of different uses: (a) Primary means of collecting qualitative data when used as 
the single research method; (b) When used supplementary, they serve as the source of 
preliminary data; (c) When used in multi-method uses, they serve to add to the data 
gathered through other methods (Morgan, 1997a).   
There has been an increased use of focus groups in environmental studies to 
understand stakeholders’ opinions and values and to recognise the uncertainties in 
environmental problems (Christina et al., 2013; Hasan, 2009; Svenfelt et al., 2011). In 
this research project the focus groups provided an important method to gain 
collaborative input from stakeholders in the retail construction industry involved in the 
design and construction of retail buildings using ISTs. Five focus groups were 
conducted during the research project as illustrated in Figure 4.7. 
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Figure 4.7: Focus groups conducted during research 
A brief overview of each focus group is explained in this section; however, details of 
each focus group, the sample size and results will be explained under the results 
section for each phase of the study.  
Focus Group-Stakeholders’ Perceptions (FG-SP) was conducted during Phase 1 as an 
exploratory study to understand the perspectives of various stakeholders on the use of 
ISTs and provide a broad perspective to the problem; supporting Objective 2.   
Four focus groups were conducted in Phase 4 with Company A to validate the Decision 
Support Framework (DSF): Identification focus group (IFG), Design focus group (DFG), 
Green Dragons’ den focus group-1 (GDDFG-1) and Green Dragons’ den focus group-2 
(GDDFG-2). Firstly, the IFG was conducted to identify all the stakeholders that could 
potentially affect or be affected by the selection of ISTs for retail buildings (Step 1 of 
DSF). The focus group involved brainstorming and interactive discussions with experts 
from Company A. This was followed by the DFG to conduct steps 2, 3 and 4 of the 
DSF and involved structuring the problem (Step 2), selecting the final evaluation criteria 
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(Step 3) and the indicators to approve the ISTs (Step 4). Thirdly, a GDDFG-1 was 
organised to choose the most appropriate ISTs technologies using the DSF. The focus 
group involved interactive discussions and the completion of questionnaire surveys, 
such as the AHP questionnaire to rank and weigh the final set of selection criteria (Step 
6) and scoring each IST against the established criteria (Step 7) to determine the most 
appropriate ISTs (Step 8). These four focus groups provided an important method to 
gain collaborative input from groups within the sponsoring company, enrich and 
validate data, and disseminate the research findings into the sponsoring company; 
supporting Objective 6.  
All focus groups were in the form of workshops with the wider construction industry 
(FG-SP) and the sponsoring organisation (IFG, DFG, GDDFG-1 and GDDFG-2) and 
lasted for 4-5 hours. For all the focus groups, the researcher assumed the role of a 
moderator and facilitated the discussion by asking open questions and raising issues to 
the groups, taking the form of loosely structured ‘steer conversations’ (Easterby-Smith, 
Thorpe & Jackson, 2012). They all started with a presentation by the researcher who 
set the research context and stated the aims and objectives of the session. All the 
discussions during the sessions were captured in notes and digital recordings. Prior to 
collecting data, the researcher asked for the participants’ permission to comply with the 
ethical regulations of the university. Participants were briefed on the audio recording 
and its purpose for the study in advance; this was to ensure they were comfortable 
being recorded for ethical purposes. Audio recorders were used to increase the 
accuracy of data collection, and allowed the researcher to be more attentive and take 
strategic and focused notes. Such a combination of an audio recorder and taking notes 
has been recommended (Collis et al., 2013). The recordings were subsequently 
transcribed verbatim and analysed with reference to a loose set of a priori themes. 
In all focus groups, the researcher played the role of a moderator by asking open 
questions or raising issues to the group while facilitating the discussion. Participants 
were allowed to share and discuss their own experiences and opinions among 
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themselves (Morgan, 1997a). Various activities were planned for each session such as 
brain storming in groups, completing questionnaire surveys etc. The focus groups were 
valuable in generating new ideas and facilitating a better understanding of the 
participants’ perceptions and concerns in the subject area. It is also provided the 
expertise from the sponsor organisation involved to gain a broader idea of the problem 
and the perceptions of their peers as well as to engage them in the solution.   
The following protocols were set up for all the focus groups. 
1. Set sample size target 
The number of participants in a focus group is typically 6–12 (Bryman, 2012; 
Sekaran & Bougie, 2010). However, it is common for many participants to 
confirm they would be attending but not to attend on the day. To overcome this 
problem, the researcher targeted twenty participants for each focus group and 
all the focus groups had an average attendance of ten participants.  
2. Determine group type 
For each focus group, it is important to determine the type of participants to 
select. Participants with similar perspectives on an aspect (homogeneous) or 
with different perspectives (heterogeneous) can be selected. This is determined 
by the aim of the focus group.  
For example, the FG-SP was used during the exploratory study to understand 
the perspectives of stakeholders on the selection of ISTs and identify their 
drivers and barriers. The aim was to provide an overview of the problem; 
therefore, a heterogeneous group with a focus on different stakeholders from 
the retail construction industry was suitable (such as retail clients, architects, 
sustainability director, project managers, and technical managers). The 
participants were selected using a snowball technique in which more 
participants were selected upon recommendations.  
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The IFG, DFG, GDDFG-1 and GDDFG-1 were all part of Phase 4 to evaluate 
and validate the proposed Decision Support Framework. They were considered 
the most appropriate and effective way of obtaining information, insight, 
experience and knowledge from a large group of industry players in the shortest 
period of time. They also provided data from life situations and a platform for 
generalisation and triangulation of data. All workshops were conducted 
separately but the results from each focus group were used for the next focus 
group. To ensure consistency of results, it was important to establish a 
committee of members who took part in all the focus groups.  Therefore a 
homogeneous group of participants with similar perspectives were selected 
from Company A (Section 7.3).  
3. Email agenda and pre-documents to the participants 
This should be done at least 4 weeks in advance to ensure participants come 
prepared on the issues that would be discussed and can contribute positively to 
the discussion. 
4. Confirm attendance of participants 
This is to confirm numbers of participants to make arrangements for catering.  
5. Prepare additional documents to be used 
Any additional documents such as questionnaires/worksheets should be 
prepared and tested before the focus group. 
6. Record, transcribe and analyse results 
One of the disadvantages of using a focus group is the difficulty in analysing the 
data, as it is unstructured, and also the problem of taking notes while being a 
moderator (Stewart et al., 2014). Therefore, it is suggested to capture all 
discussions in notes and digital recordings, transcribe and analyse the results.  
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4.5.1.4 Survey 
A survey research ‘provides a quantitative or numeric description of trends, attitudes, or 
opinions of a population by studying a sample of that population’ (Creswell, 2014). This 
typically involves cross sectional and longitudinal studies using questionnaires or 
structured interviews on more than one case at a single point in time for data collection. 
The intent is to detect patterns of association and generalise from a sample to a 
population (Bryman, 2012). It requires prior consideration of existing theory and 
literature on the subject of study in order to determine the type of instrument to use, the 
scope and kinds of questions to ask and how to defend the guiding theory employed 
from criticism. Survey instruments for data collection include: (a) Interviews (face-to-
face and telephone interviews) and (b) Questionnaires (mail and self-administered). 
Face to face interviews are generally more expensive to conduct but provide an 
opportunity to follow up on ambiguous or interesting responses. They are also subject 
to interviewer and subject biases that may weaken the construct validity of the 
measures. In contrast, telephone interviews are less affected by interviewer and 
subject biases. Self-administered questionnaires are very popular as they are cheap 
and allow anonymity. They can be sent using a web-survey or an email. However, their 
major drawbacks are the low response rates (i.e. non-response bias) and the inability 
to correct any problems once the questionnaires are distributed (Sekaran & Bougie, 
2010). In general, the interview survey is more capable of obtaining quality data 
compared to a questionnaire survey. In terms of cost, the questionnaire survey is 
cheaper. However, in terms of time, questionnaires using web-based surveys or by 
email are very fast and inexpensive and they allow flexibility of design that can also use 
visual images, and even audio or video in some internet versions. 
Survey research is the most widely used method in social science (Bryman, 2012) and 
also the most relevant to this study. Interviews and questionnaires were used during 
the research to collect data.  
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(a) Interviews 
The interview technique is a flexible and commonly used research tool in case study 
and action research and was used for all phases of the research. Interviews were used 
to obtain a large amount of information from the participants that would have been 
difficult with other methods.  
Several unstructured interviews were conducted during phases 1, 2 3 and 4 as shown 
in Figure 4.8. The unstructured interviews were not used for data collection but to 
explore the problem with participants and identify research areas on which to focus. 
They were conducted in an open way with no intervention by the researcher in the form 
of informal conversations with no probing questions.  
 
Figure 4.8: Unstructured Interviews 
For example, unstructured interviews were conducted in Phases 2, 3 and 4 with expert 
professionals from Company A and construction professionals from the wider 
construction industry to understand the problems they were facing in selecting ISTs 
and the current methods used. Unstructured interviews were also used with several 
suppliers of ISTs who were first contacted at trade shows (such as Eco build). Suitable 
ISTs were explored further by conducting face-to-face semi-structured interviews with 
the selected suppliers and these lasted about an hour (Section 7.4.5).  
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(b) Questionnaire Surveys 
A total of seven questionnaire surveys were used during the research to collect data as 
illustrated in Figure 4.9. 
 
Figure 4.9: Surveys conducted during the research 
In this section, each questionnaire is described briefly and details of each questionnaire 
can be found in the results chapter (Chapters 5 and 7) and Appendix B. 
1. Questionnaire 1: Innovation Value Chain Questionnaire (IVC) 
This was conducted in Phase 2 using Hansen et al. (2007) questionnaire to 
understand how Company A currently innovates, selects and implements 
ISTs (Appendix B.1). This was conducted with expertise from the group, 
subsidiary and project level of Company A (Section 5.3). 
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2. Questionnaire 2: Stakeholder Analysis  
This was conducted during Study 1 of the Pilot Study with Company A to 
validate the Decision Support Framework. The aim was to identify the key 
stakeholders in the selection of ISTs for existing retail buildings (Appendix 
B.2). 
3. Questionnaire 3: Analytical Hierarchy Process Questionnaire (AHP) 
This was conducted in Phase 4, during the GDDFG-1 and GDDFG-2 to rank 
and prioritise the established selection criteria (Appendix B.3a and Appendix 
B.3b). Each participant was asked to compare two criteria at a time, and 
indicate which criteria was more important and by how much. The results 
indicated the weighting and ranking for the set of criteria for each participant 
and also the group consensus.  
There are many different software packages that help with the use of the 
AHP process, but they are mostly commercial and quite expensive, such as 
Decision Lens, Expert Choice. The data collected was analysed using an 
online open access AHP excel template available for academic use 
(Geopel, 2013). The template was pre-tested using the free version of 
expert choice software and proved reliable to be used. The first sheet of the 
excel template prompts for the number of criteria, number of participants 
and criteria to be used. This automatically sets up the excel sheets for each 
participant using the criteria. The template had some limitations, such as a 
maximum of ten criteria could be compared with a maximum of twenty 
participants. However, this was not a problem in this study, as the sample 
size was less than twenty participants and the selection criteria were also 
less than ten. 
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4. Questionnaire 4: ISTs Scoring Questionnaire 
Similar to the AHP questionnaire, the IST scoring questionnaire was used in 
Phase 4 during GDDFG-1 and GDDFG-2; to score each supplier against the 
established criteria and indicators (Appendix B.4). 
5. Questionnaire 5: Feedback Questionnaire with Company A 
A questionnaire was used to gather feedback from Company A on the 
developed Decision Support Framework from the participants of GDDFG-1 
(Appendix B.5). The aim was to use the feedback provided and improve the 
Decision Support Framework. 
6. Questionnaire 6: Feedback Questionnaire with Suppliers 
Similar to questionnaire 5, another feedback questionnaire was used to 
receive feedback from the suppliers of GDDFG-1 on the developed Decision 
Support Framework (Appendix B.6). 
7. Questionnaire 7: Feedback Questionnaire with wider construction 
industry 
This was used with construction professionals from the wider construction 
industry to gather their feedback on the developed Decision Support 
Framework and its applicability in the wider context (Appendix B.7). 
The questionnaires consisted of both open and closed questions. The open questions 
were designed to enable the participant to answer in full, to reply in whatever form and 
extent the participant wishes, while closed questions were used to determine an 
answer to a pre-defined set of options (Fellows & Liu, 2009). The participants also had 
the option to provide alternative answers to closed questions with options such as ‘if 
other please specify’. Also, the questionnaires were developed in such a way that each 
participant was willing to answer, interpreted in the same way and responded to 
accurately.  
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According to Sekaran and Bougie (2010) the validity of surveys (external and 
construct) can be improved by ensuring the survey instrument promotes cooperation, is 
sufficient in detail and scope, and focuses on the objectives of study; with  clear, 
intelligible, logically sequenced questions that match the knowledge-base of the target 
respondents. This can be achieved by pilot testing the survey instrument before using it 
on a larger study (Bryman, 2012). This will enable the researcher to determine the 
adequacy of instructions to the participants completing a self-completion questionnaire. 
Therefore the questionnaires were pilot-tested with a sample of participants from the 
Case Study Company and Plymouth University to see how they understood the 
questions and the response options. The pilot testing helped the researcher to identify 
and eliminate potential problems in the questionnaire such as the question wording, 
sequencing and various formatting and layout issues. The revised questionnaires were 
self-administered using an online survey on Qualtrics. The researcher observed a low 
response to the online questionnaires; hence a word format of the questionnaire was 
also sent to some respondents; this was preferred by some of the participants as it 
saved time having to log on to the online questionnaire website and it also increased 
the response rate.  
4.6 Data Analysis  
According to Yin (2014), data analysis involves examination, categorisation, tabulation, 
or otherwise recombining the evidence to address the initial propositions of a study. 
This research study was conducted in five phases and used a mixed method approach. 
The aim was to triangulate findings from different methods to improve the validity of the 
research (Bryman, 2012). As such both quantitative (questionnaire surveys) and 
qualitative (focus groups, literature review, document analysis) studies were conducted 
in parallel or concurrently to achieve the set objectives. Qualitative data was analysed 
using content analysis, while quantitative data was analysed using tabular descriptive 
statistics and content analysis. 
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4.6.1 Qualitative Data Analysis 
Qualitative research involves the data analysis of text (Bryman, 2012). Texts could be 
from interview transcripts (single or group), documents (books, articles) or informal 
conversations (speeches, conversations); they are usually long and detailed and not in 
a standardised form. The analysis of qualitative data involves understanding and 
interpreting the collected data in a systematic and logical manner to provide reliable 
conclusions (Bryman, 2012). Analysing such data could be difficult; however, Miles et 
al. (2013) suggest putting information in different arrays; making a matrix of categories; 
creating data displays and flowcharts; tabulating the frequency of events; or arranging 
the data in a chronological order. Similarly, Yin (2014) suggests developing an 
analytical strategy as a starting point to play with the data (e.g. comparing data from 
two cases) and mentions five techniques for analysing qualitative data: pattern 
matching; explanation building; time-series analysis; logic models, and cross-case 
synthesis.  Another technique is ‘content analysis’ that can be used to analyse texts 
and documents (Bryman, 2012) to make replicable and valid inferences from texts (or 
other meaningful matter) to the contexts of their use. Patton (2015)  defines it as a 
‘process of identifying, coding, and categorising the primary patterns’ applied to the raw 
data. The findings are grouped in the form of themes, categories and concepts and are 
reported in narrative form (Yin, 2014). They are also supported by the use of direct 
citations from the participants words in the report (Merriam, 2014).  
As for this research, qualitative data was analysed using content analysis. After the 
focus group discussions, the researcher transcribed the notes as well as the sound 
scripts collected with the help of an audio recorder. The board ideas and insights from 
participants were also noted down. Focus group discussion analysis was accomplished 
through the cognitive mapping of the sessions and content analysis. A cognitive map is 
a description of an individual or several individuals concepts about a particular domain, 
being composed of ideas and links between these ideas (Miles, Huberman & Saldana, 
2013). Template analysis was used to compare the views of different participants. King 
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(2004) describes template analysis as a varied but related group of techniques to 
organise and analyse textual data, rather than a distinct methodology. The researcher 
produced a list of codes (template) representing themes identified in the textual data.  
The structured coding approach used by template analysis enabled the researcher to 
focus on similarities and differences between the focus groups, rather than on issues 
within the groups themselves. A thematically coded table to support this analysis was 
used to organise the themes as they developed.  
4.6.2 Quantitative Data Analysis 
The analysis of quantitative data can be categorised into two types: Statistical Analysis 
and Content Analysis. Statistical analysis involves analysis of collected quantitative 
data with the aid of either descriptive statistics (e.g. histograms, pie charts, etc.) or 
inferential statistics (e. g. correlation, regression, etc.). Content analysis, as described 
in the previous section, seeks to classify communication acts into categories that have 
common features and can provide the researcher with a qualitative picture of the 
respondents' concerns, ideas, attitudes and feelings (Easterby-Smith, Thorpe & 
Jackson, 2012). Content analysis sometimes incorporates a quantitative element; it is 
usually undertaken by coding textual data so that the number of occurrences of a 
particular code could be compared and further analysed as part of qualitative research 
(Bryman, 2012).  
4.7 Research Ethics 
Ethical issues were considered by the researcher, and were in accordance with the 
research ethics framework presented by Plymouth University and also the Engineering 
Physical Science Research Council (EPSRC). The necessary ethics approval forms 
were submitted and approved by Plymouth University before collecting data (Appendix 
A). Also a non-disclosure agreement was signed with the Industry partner (Company A) 
to maintain confidentiality of the company documents accessed. This was to ensure the 
design and the research itself will respect honesty and quality standards. When 
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collecting data, the researcher ensured that the participants clearly understood the 
research methods and respected their privacy and the anonymity of respondents by 
coding the participants’ names. Finally, the researcher observed the widely cited 
suggestions of Dan et al. (2003) relative to the theft of ideas, choice of sampling, 
obtaining assistance from others, misrepresentation of work done and lastly to avoid 
illegal and unlawful conducts with the confidential documents of Company A. 
4.8 Validity and Reliability of Research Design 
Validity and reliability are very important criteria in evaluating a research. Validity is 
described as the verification process of the findings employed by the researcher 
(Gibbs, 2008). It refers to the accuracy of the measurement process, and this is not 
easy to ascertain as of course, ‘if one had a better way of measuring the attribute, there 
would be no need for a new instrument’ (Easterby-Smith, Thorpe & Jackson, 2012). 
Therefore, validity determines whether the research truly measures that which it was 
intended to measure or how truthful the research results are. Case study and action 
research usually faces validity and reliability issues due to lack of rigour, sloppiness, 
biased view and the lack of scientific basis for statistical generalisation (Haron, 2013).  
Yin (2014) suggests the following four tests are commonly used to establish the quality 
of any empirical social research and these are applicable to case study research: 
1. Internal validity refers to the truthfulness of the case study and inference.  
2. External validity is the extent to which it is possible to generalise the findings 
of the study from the sample to a wider population. i.e. generalising the findings 
beyond the immediate case study. 
3. Construct validity refers to identifying the correct operational measures for the 
concepts being studied, and  
4. Reliability is demonstrating the data collection procedures can be repeated 
with the same results. i.e. the stability and measurement of consistency; to what 
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extent a measuring device yields the same results if applied to the same person 
or group of people, under similar conditions, more than once on different 
occasions (Easterby-Smith, Thorpe & Jackson, 2012). 
Yin (2014) also suggests the following tactics for case study researchers such as: 
using multiple sources of evidence, establishing a chain of evidence (construct validity), 
pattern matching, explanation building (internal validity), using theory in single case 
studies, replication logic in multiple case studies (external validity), using case study 
protocol and developing a case study database (reliability). Similarly, Creswell (2014) 
suggests eight strategies for validity: prolonged engagement and persistent 
observation in the field; triangulation; peer review or debriefing; refining hypotheses as 
the inquiry advances; clarifying researcher bias from the outset of the study; the 
researcher solicits participants’ views of the credibility of the findings and 
interpretations; rich and thick description, and external audits. Most of these tactics and 
strategies have been adopted in this research and are described in detail in the results 
chapter (Chapters 7 and 8). 
4.8.1 Adopted Validation strategies 
Different research approaches and techniques have their strengths and weaknesses. 
As a result, no single method is always best for all situations. Therefore, the research 
was conducted in five phases and adopted the ‘triangulation strategy’. i.e. the 
combination of different methodologies both quantitative and qualitative to complement 
the strengths and weaknesses of each individual approach (Fellows & Liu, 2009; 
Patton, 2015). For example, to provide an answer to the research question ‘why is 
there a slow uptake of ISTs in the retail construction industry’, a chain of evidence was 
developed starting with a literature review, followed by an exploratory study with the 
wider construction industry and an in-depth case study (construct validity). The data 
from the three sources was triangulated to understand the underlying research problem 
(internal validity). The triangulation of the results indicated the research problem was 
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not specific to the case study only, but can be generalised and applicable to other 
stakeholders in the retail construction industry (external validity).  
The reliability of the research was strengthened by explicitly explaining the overall 
research design and it can therefore be used and replicated by future researchers. 
Similarly, the developed Decision Support Framework is explicitly described step by 
step, in a way which construction professionals and other researchers can follow 
(Section 6.4). The Decision Support Framework would provide reliable results based 
on the user’s input and is context specific. Therefore, the results from framework 
testing cannot be generalised beyond the Case Study (Phase 4), as the results are 
unique to the case study based on their objectives and selection criteria. It would not 
be possible to replicate the same results with another group, as the results produced 
will be determined by the objectives set by the decision-makers and their selection 
criteria. The research therefore adopts the position set out by Yin (2014), in that the 
results are generalised to theory and concept which can be applied to other situations 
and tested. Therefore, a more general validation was conducted with construction 
professionals from the wider retail construction industry, both nationally and 
internationally (Phase 5). The aim was to collect evidence regarding the credibility and 
applicability of the Decision Support Framework and to improve the reliability of the 
results. The second validation focused on introducing, rationalising, justifying and 
describing the Decision Support Framework in terms of selection criteria, identifying 
and evaluating alternatives for wider application across the construction industry and 
also contributing knowledge to a wider context. This was to ensure the Decision 
Support Framework was applicable to the wider construction industry and not limited to 
Company A (Section 7.8). 
The methodologies used in this research have provided a multi-dimensional view of the 
subject by using triangulation within each phase of the research (e.g. using different 
methodologies to explore specific objectives) to enhance the internal validity and 
reliability of the research; and using triangulation within the entire study (using different 
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methodologies to support the aim of the research) to enhance the external validity of 
the research (Fellows & Liu, 2009) as illustrated in Figure 4.10. 
 
Figure 4.10: Triangulation Strategy 
4.9 Summary 
This chapter has presented the overall research approach and discussed the research 
strategy adopted to optimise the use of ISTs in the retail construction industry. A critical 
realism research philosophy was adopted and emphasis was given to a multi-phase 
mixed methods approach. The chapter presented a discussion of key conceptual and 
methodological design issues that were central to the project and also addressed 
issues of ethics, features of validity, reliability and generalisation.  
Overall, the methodology devised proved successful in collecting and analysing data 
needed to adequately answer the research questions and to overcome limitations 
inherent to this research project. It provided the conceptual, analytical and practical 
tools that allowed development of the Decision Support Framework that this doctorate 
sought to devise. The developed methodology will contribute to knowledge by providing 
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a practical research methodology to promote the uptake of ISTs in the retail 
construction industry. 
The next chapter presents the results of the exploratory study with the wider 
construction industry (Phase 1) and the Case Study (Phase 2) and identifies the 
underlying research problem to be addressed.  
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  Chapter 5
Understanding the selection of ISTs 
for existing retail buildings 
5.1 Introduction 
Findings from the literature review (Chapter 2) indicate there is a slow uptake of 
innovative sustainable technologies (ISTs) in the retail construction industry. Despite 
the potential to optimise the process of delivering low carbon retail buildings and 
reducing the energy use and carbon emissions, ISTs are facing slow rates of diffusion 
in the mainstream markets. This has resulted in several ISTs languishing in the chasm 
between early adopters and the mainstream market.   
This chapter aims to firstly understand why there is a slow uptake of ISTs in the retail 
construction industry by conducting an exploratory study to identify the perspectives of 
various stakeholders on the drivers for and barriers to adopting ISTs (Phase 1). 
Secondly, it aims to understand the current use of ISTs, the decision-making methods 
and the innovation process to select ISTs in the retail construction industry by 
conducting an in-depth organisational case study (Phase 2). This chapter also fulfils 
the following research objectives: 
Objective 1: To review the current use of innovative sustainable technologies 
(ISTs) to achieve low carbon retail buildings. 
Objective 2: To identify the perspectives of various stakeholders on the drivers 
for and barriers to selecting ISTs for existing retail buildings (ERBs). 
Objective 3: To review the current decision-making systems and 
methodologies used for selecting ISTs for existing retail buildings. 
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As discussed in Chapter 4, the research was conducted in five phases (Section 4.2) as 
illustrated in Figure 5.1. This chapter presents and explains the results of Phases 1 and 
2. 
 
 
Figure 5.1: Overall Research Phases 
5.2 Phase 1: Exploratory study on stakeholders’ 
perception on the use of ISTs for existing retail 
buildings 
Phase 1 consisted of an exploratory study using a focus group (Stakeholders’ 
perception focus group) with stakeholders from the wider retail construction industry in 
the UK. The aim was to identify the main barriers that justify the slow uptake of ISTs in 
the retail construction industry; as well as the drivers that might help to increase the 
adoption of ISTs. 
The triangulation approach (Section 4.8.1) helps to build more robust evidence 
(Bryman, 2012). Therefore it was used for Phase 1 to explore the validity of the 
literature review, to ascertain whether the drivers for and barriers to the slow uptake of 
ISTs identified within the literature review were perceived to be the same by the 
professionals currently working in the retail industry.  
P H A S E  1 
Exploratory study with 
the wider construction 
Industry 
(Oct 2011 - January 
2012) 
P H A S E  2 
In-Depth organisational 
case study company 
with Company A 
(Feb 2012- March 
2012) 
P H A S E  3  
Developing the 
framework with Case 
Study Company A 
(April 2012- Sept. 
2012) 
P H A S E  4  
Framework testing  
with Case Study 
Company A 
(Nov 2012- Dec 2013) 
P H A S E  5  
Validation  with wider 
Construction Industry 
(Jan 2014 –  Oct 2014) 
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5.2.1 Focus Group: Stakeholders’ Perceptions (FG-SP) 
The focus group was aimed at understanding the perceptions of various stakeholders 
in the retail construction industry on the use of ISTs and also providing a broad 
perspective to the problem identified in the literature review. Experts from the 
clients/consultants list working with Company A on their retail projects were selected to 
participate in the focus group. An email invite was sent to twenty contacts on the list 
and twelve participants agreed to participate. The participants consisted of: five retail 
clients (referred to as Retailer 1, 2, 3, 4 and 5), five construction professionals involved 
in the design and construction of retail buildings (referred to as construction 
professional 1, 2, 3, 4 and 5), and two suppliers of ISTs (referred to as Supplier 1 and 
2) as shown in Table 5.1. 
Organisation Job Role 
Retailer 1 Head of Property (P1) 
Retailer 2 Senior Sustainability Manager (P2) 
Retailer 3 Head of Engineering (P3) 
Retailer 4 Project Manager (P4) 
Retailer 5 Project Manager (P5) 
Construction Professional 1 Design Manager (P6) 
Construction Professional 2 Sustainability Director (P7) 
Construction Professional 3 Strategy Director (P8) 
Construction Professional 4 Architect (P9) 
Construction Professional 5 Building Service Engineer (P10) 
Supplier 1 Development Director (P11) 
Supplier 2 Technical Manager (P12) 
Table 5.1: Participants of Focus Group 
During the focus group, the researcher facilitated the discussion by asking the following 
open questions to the participants: 
1. What are the barriers faced by stakeholders in selecting ISTs for existing retail 
buildings? 
2. What are the drivers faced by stakeholders in selecting ISTs for existing retail 
buildings? 
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3. Have you got any suggestions to promote the uptake of ISTs for existing retail 
buildings? 
The participants were allowed to share and discuss their experiences and opinions 
among themselves. The researcher ensured opinions from the whole group were 
obtained to cover the topic as well as possible, and used both direct and non-direct 
interventions to steer and moderate the group (Easterby-Smith, Thorpe & Jackson, 
2012). Reserved members were encouraged to be more involved and contribute to the 
discussion. In addition, single participants or partial groups were prevented from 
dominating the discussion. One of the disadvantages of using a focus group is the 
difficulty in analysing the data, as it is unstructured, and also the problem of taking 
notes while being a moderator (Stewart & Shamdasani, 2014). However, this problem 
was reduced by using flip charts to write and draw participants’ ideas and opinions, 
making the recording process as open and visible as possible. Further, it was asked if 
the focus group discussions could be recorded and this was permitted by the 
participants. The focus group session lasted two hours and the discussions were 
captured in notes and digital recordings which were subsequently transcribed verbatim 
and then analysed. 
5.2.2 Stakeholders’ perception on the use of ISTs 
The data collected during the focus group was coded and analysed using content 
analysis, in which a set of categories were established and the number of instances 
falling into each category were counted (Bryman, 2012). The following themes 
emerged as the barriers to (legislation, costs, roles and responsibility and technology) 
and drivers (legislation, costs, roles and responsibility, competitive advantage and need 
to upgrade existing retail buildings) faced by stakeholders to select ISTs for existing 
retail buildings. Figure 5.2 illustrates the drivers and barriers established from the focus 
group discussion and these are explained in the next section. 
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Figure 5.2: Drivers for and Barriers to the use of ISTs in existing retail buildings 
5.2.2.1 Legislation 
The participants considered legislation as both a driver and a barrier. Legislative 
compliance is increasingly a driver for companies in the retail sector to establish clear 
corporate goals, followed through with practical actions to reduce carbon emissions. 
The retailers (Participants P1, P3, and P5) mentioned the UK Government was a driver 
through voluntary and mandatory legislations such as: Building Regulations, Carbon 
Reduction Commitment, Climate Change Act (2008), Feed-in-Tariffs. Participant P2 
mentioned ‘the UK Government has set legally binding targets and is forcing us to 
develop low carbon retail buildings’. Participant P5 mentioned ‘to comply with the UK 
legislations, we have set an internal target to reduce store, office and warehouse 
energy usage by 25% by 2012 and by 35% per sq. ft. by 2015’. He went on to further 
explain their strategy was to cut carbon emissions, reduce waste, trade fairly, use more 
sustainable raw materials and help customers to be healthier. Participant P7 mentioned 
‘While legislation will increasingly drive the need for improved energy efficiency in 
design, there is a forthcoming legislative requirement that buildings with an EPC rating 
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of F and G will be illegal to let from 2018’. All participants agreed legislation was the 
main driver, pushing all stakeholders in the retail construction industry to design and 
build low carbon retail buildings. However, it was perceived from the discussions, that 
the retailers have been impacted the most by legislation and are therefore exerting 
pressure on other stakeholders such as the designers and constructors, and suppliers 
and manufacturers to design and construct low carbon retail buildings. 
Legislation was also considered a barrier as it was; uncoordinated, uncertain, 
inconsistent and confusing for both construction professionals and retailers. Participant 
P8 mentioned that removal of the financial recycling payments from the CRC energy 
efficiency scheme has reduced the incentive for businesses to use ISTs and reduce 
carbon emissions. Participant P6 added that the changes to the feed-in-tariff (FiTs) in 
late 2011 have damaged business confidence in the reliability of Government policy 
and thereby reduced investment in ISTs. All participants agreed there is a need for a 
simple and consistent policy framework that provides the confidence to invest in ISTs 
for existing retail buildings. Although the literature review indicated a lot of applicable 
incentives and policies such as CRC, carbon heat incentive, green deal and feed-in-
tariff to optimise the use of ISTs. The retailers (P2, P3 and P4) mentioned they did not 
have an understanding of what ISTs are applicable and which ones to select, or how to 
maximise the opportunity or minimise cost impact. They expressed their difficulty in 
selecting suitable ISTs.  
5.2.2.2 Cost 
The participants considered cost as both a driver and a barrier for using ISTs for 
existing retail buildings. Cost was perceived as a driver for retailers keen to reduce 
operational running cost. Participant P5 explained they had improved the energy 
efficiency of their stores by 28% and saved the business nearly £22 million. However, 
construction professionals mentioned it is difficult to convince retailers to realise these 
benefits before the ISTs are implemented. Participant P10 explained ‘our challenge is 
often to deliver green buildings within conventional budgets. However, meeting this 
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challenge is made more difficult because there are many stakeholders who have the 
general assumption that the use of ISTs increases the design and construction costs’. 
The participants had a general perception that sustainability costs more and agreed 
that the cost for a low carbon retail building is considered a barrier for retailers anxious 
to pursue sustainability in capital projects.  Participant P9 explained this is often not the 
case unless a decision is taken to follow an exemplar route or where the issues are 
addressed late in the design process leading to expensive sustainability add-ons. 
Participant P7 explained that the use of ISTs has a minimal increase in upfront costs of 
about 2% on average, but could result in life cycle savings of 20% of the total 
construction costs, which is more than ten times the initial investment. The construction 
professionals mentioned they could suggest ISTs, but the clients are the ones who 
would need to make the final selection. They further explained that the higher cost of 
ISTs and high payback periods are deterring clients from investing in ISTs. This was 
confirmed by participant P5 who mentioned a preference for ISTs with short pay back 
periods of 2-5 years.  Participant P4 mentioned ‘the newness of the technologies, the 
lack of substantial evidence of cost benefits, the potentially higher (capital) costs of 
ISTs and the impact on sales result in cost being considered a barrier’. Therefore, it is 
necessary that the selected ISTs are within the project costs for the clients and satisfy 
their selection criteria.   
Participant P4 suggested that the help of financing arrangements, such as financial 
incentives and innovative fiscal arrangements should be available to assist 
stakeholders in accommodating the extra costs. It was also discussed how retailers are 
addressing the higher upfront cost of ISTs. Participant P5 explained they have a 
capital-directed rolling programme of renovation, which is heavily focused on 
introducing ISTs into stores. Lessons are rolled out on an exponential basis where, for 
example, the lessons from five stores are incorporated into 20, then the lessons from 
those 20 into 200 and so forth. Participant P3 provided an example of another retailer 
who was improving their retail stores in stages according to their budgets and not 
 154 
 
depending on external finances. The retailer was using the savings provided by the 
ISTs to reinvest in further improvements to the energy performance of their stores. The 
participants agreed it was a useful strategy to tackle the higher upfront cost of ISTs. 
However, they all suggested the uptake of ISTs can be optimised by financial support. 
5.2.2.3 Roles and responsibility 
Designers, constructors and owners are responsible for the design and construction of 
low carbon retail buildings. The owner rents out the building as a landlord, but the 
building user (tenant) is responsible for the operating costs of the building.  
Participant P12 mentioned ‘landlords and tenants often seem to be in conflict when 
they want to work together to use ISTs to enhance their building’s performance’. 
Participant P4 explained that in most net leases, energy costs are paid directly by 
tenants and building owners are not driven to invest in ISTs. This was considered a 
barrier for the construction professionals as the landlord is reluctant to invest in ISTs to 
improve building efficiency and reduce operating costs, which would be beneficial to 
the tenant. The tenant, on the other hand has no control over making such decisions as 
he is not the owner. Therefore the contractual relationship between the landlord-tenant 
was perceived as both a driver and a barrier by all the participants.  On the other hand, 
in many gross leases, tenants have little incentive to save energy in their leased space 
as building owners pay the energy expenses. Participant P8 suggested investment in 
the energy efficiency of buildings could be more effective when implemented by an 
integrated and concerted team involving owners and end-users. He further explained 
how a strong, dynamic and informed relationship between these parties could lead to a 
greater awareness of the opportunities in the building, improved efficiency efforts, 
increased tenant satisfaction and also shared cost savings. Participant P3 suggested 
the potential use of green leases could help overcome the landlord/tenant problem. 
Participant P7 mentioned ‘although the opportunities for retail tenants to implement 
ISTs are limited, however, some landlords have committed to substantially reducing 
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carbon emissions from their buildings and have set targets to reduce energy 
consumption and CO2 emissions’. Participant P4 explained that landlords are trying to 
attract tenants as there are several retail stores vacant in the last few years when 
several retailers have ceased trading. They are under pressure to provide incentives to 
attract tenants rather than having vacant stores. In such cases, client demand was 
considered a driver by the construction professionals, as ISTs are increasingly being 
demanded by leading sustainable retailers. However, client demand is also a barrier as 
laggard retailers are not aware of the new technologies and benefits and therefore 
reluctant to adopt ISTs. 
5.2.2.4 Improvements to existing retail buildings 
The general perception of retailers was that the real challenge is with increasing the 
efficiency of their existing stores. Participant P5 mentioned ‘the majority of our 
sustainable innovation to date has been implemented on new build, such as the new 
stores in Cheshire Oaks and Sheffield. However, we have not done much on improving 
our existing buildings and that would be our focus now’. 
It was discussed that new retail buildings are built to higher standards due to legislation 
and are more efficient, but they represent a minority. Participant P4 mentioned 
‘approximately only 1% of UK buildings are replaced each year; there is a huge 
pressure to improve the energy performance of existing retail buildings’ Participant P5 
added ‘we have only 4%-5% new footage each year, so adapting existing space is  
crucial to creating a sustainable portfolio’.  
Participants discussed the main reasons for the poor efficiency of existing retail 
buildings such as: age of the building, methods and materials used to construct the 
building which is no longer in use and do not comply with the current building codes 
and regulations. They explained it is therefore more difficult to improve the energy 
efficiency of existing retail stores. Participant P3 mentioned many retailers are 
concerned that the process of using ISTs to refurbish/retrofit their existing stores could 
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affect their store trading and also have an impact on their customers. The participants 
suggested it is important to understand what the key stakeholders (occupants, energy 
and facility managers) think of the existing retail building and they could also contribute 
to optimising the selection of ISTs to improve the building performance. 
Participants agreed that the energy efficiency of existing buildings needs to be 
improved; if not the buildings might not be rentable due to their poor energy 
performance. Therefore, using ISTs to improve the energy efficiency of existing retail 
stores was considered a driver by all the participants. 
5.2.2.5 Competitive Advantage 
Retailers and construction professionals are driven by discriminating customers and 
increasing competition and are therefore searching for new ways to gain and sustain 
competitive advantage by enhancing their product offerings. Participant P11 mentioned 
that retailers seeking competitive advantage in their sustainability strategies tend to be 
more actively involved in adopting ISTs, while retailers who do not see the business 
case for sustainability tend to only do what they see as necessary to manage risk, such 
as resource availability. Participant P12 added ‘those who see sustainability as a 
competitive advantage tend to look further into the future; they often apply metrics and 
set measurable goals in using ISTs’.  
With sustainable construction evolving so quickly, particularly in terms of new 
technology, retailers must ensure they keep up with the latest developments. 
Participant P4 mentioned many of the most forward-thinking retailers are now putting 
competition to one side to discuss lessons learnt and best practice. Participant P5 
mentioned they have published a report on their key lessons for other stakeholders in 
the retail construction industry to follow. Participant P6 added that an increasing 
number of retailers are realising that co-operation can help everyone improve margins 
while also benefitting the environment. Some retailers are however concerned about 
giving away information that could help rivals make operational efficiency savings. 
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Participant P7 mentioned that the use of ISTs could provide competitive advantage and 
a source of differentiation for designers/constructors. Therefore, competitive advantage 
was considered a driver by all the participants. 
5.2.2.6 Innovative Sustainable Technologies (ISTs) 
Participants mentioned that there is uncertainty about future energy prices and the risk 
associated with new or unfamiliar products, technologies or services to achieve low 
carbon retail buildings. Construction professionals were of the opinion that there is a 
lack of skilled labour as well as awareness around the use of ISTs to deliver low carbon 
retail buildings. Also, the longevity of current solutions based on the pace ISTs are 
advancing, has created a general reluctance amongst both retailers and construction 
professionals to adopt new technologies.  
Participant P7 mentioned ‘contractors by nature are risk averse, mainly due to 
operating at low margins which can often prevent innovation. The mentality of 'stick to 
what we know' is regularly taken and sometimes for good reason’. Participant P12 
mentioned that many stakeholders in the retail construction industry do not select ISTs 
due to the risks associated with the reliability and effectiveness of a new product. 
Participant P9 explained that loyalty to existing suppliers and fear of the unknown often 
prevents them from trialling ISTs. Participant P10 added that ISTs are only put into trial 
upon the insistence of the customer, which again puts designers/constructors in the 
reactive, low innovation, 'only do as we are told' box. The construction professionals 
suggested that to be truly innovative, the risk of trialling new products needs to be 
shared with the customer, both from a cost and performance aspect. Participant P5 
mentioned the retailer is willing to trial ISTs in their experimental stores, in which new 
technologies are trialled and if beneficial will be rolled out in future stores.  
The construction professionals suggested, reducing anxiety about the risk associated 
with ISTs through a fair allocation of responsibilities and awareness can increase the 
uptake of ISTs in the retail construction industry. Participants concluded that there are 
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several potential benefits of using ISTs which would pay for the higher initial costs, but 
the problem was selecting appropriate ISTs. 
5.2.3 Summary of Phase 1 (Exploratory Study) 
Phase 1 identified the main drivers for and barriers to selecting ISTs for existing retail 
buildings. The selection of ISTs was perceived as the underlying cause to most of the 
barriers (cost, legislation, roles and responsibility). The results of the exploratory study 
in Phase 1 provided the basis to explore the underlying causes for the slow uptake of 
ISTs in the retail construction industry with a leading UK retail contractor (Company A) 
explained in the next section, Phase 2. 
5.3: Phase 2: In-depth organisational case study 
Phase 2 aimed to explore the reasons for the slow uptake of ISTs within a specific case 
study, Company A. The objectives were to understand; (a) the current state of using 
ISTs, (b) the process of selecting ISTs in a real context and to identify the limitations of 
the current selection process that contributes to the slow uptake of ISTs in the retail 
construction industry, and (c) to analyse the innovation process to identify the weak 
links. According to Yin (2014), in such situations, case study method could be suitable 
as it is an empirical enquiry that examines a fact or process in its real life settings.  
Company A is an active member of United Kingdom Contractors Group (UKCG) which 
represents the fourteen leading UK contractors. The company is also active in the 
sustainable energy market, demonstrating the group’s recognition of the strategic 
importance of ISTs as a market and also the connection with the UK building sector. 
Therefore Company A presented a critical setting with unique characteristics to explore 
the problem in detail and was used as a single organisational case study with multiple 
embedded units at the group, subsidiary and project level as illustrated in Figure 5.3. 
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Figure 5.3: Single Case Study with multiple embedded units 
The single case study with multiple embedded units provided the researcher with an 
opportunity to work closely with the company at group, subsidiary and project level, 
look at sub-units within the larger case study and analyse data within the sub-units 
separately (within case analysis), between the different sub-units (between case 
analysis), and across all of the sub-units (cross-case analysis). The ability to engage in 
such rich analysis only serves to better describe the case.   
Participants for Phase 2 were selected using a snowball technique from the group, 
subsidiary and project level who were involved in the decision-making process of 
selecting ISTs for retail buildings. Participants from the group level included: 
Sustainability Director, Production Manager, Sustainable Technology Manager, Supply 
Chain Manager, Strategy and Delivery Manager, Procurement Manager, and members 
from the Operating Excellence teams. Company A has 3 subsidiary divisions: Interiors 
and Retail, Living Space, Construction and Development. The case study was limited 
to participants from the Interiors and Retail subsidiary level and included: Managing 
Director Retail and Interiors, Marketing Manager Retail, Business Unit Director and 
Business Manager. Participants from the project level included: Senior Building 
Services Manager, Building Service Manager, Principal Design Manager, Senior 
Design Manager, Commercial Manager, Bid Manager and Estimator. The participants 
from the project level were involved in supermarkets, departmental stores, banking and 
retail buildings. Table 5.2 shows the twenty participants selected from the group, 
subsidiary and project level of Company A for Phase 2  
Project level 
Subsidiary Level 
Group Level OPEX Team Members 
Interiors and 
Retail 
Supermarkets 
Banking & 
Retail 
Departmental 
Stores 
Living Space Construction Development 
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Group Level Subsidiary Level Project Level 
Sustainability Director (G1) 
Production Manager (G2) 
Sustainable Technology Manager (G3) 
Supply Chain Manager (G4) 
Strategy and Delivery Manager (G5) 
Procurement Manager (G6) 
OPEX Member 2 (G7) 
OPEX Member 3 (G8) 
Managing Director Retail & Interiors 
(S1) 
Marketing Manager Retail (S2) 
Business Unit Director (S3) 
Business Manager (S4) 
Commercial Manager (S5) 
Senior Building Services 
Manager (P1) 
Building Service Manager  (P2) 
Principal Design Manager (P3) 
Senior Design Manager (P4) 
Commercial Manager (P5) 
Bid Manager (P6) 
Estimator (P7)
Table 5.2: Case Study Participants for Phase 2 
The researcher built an in-depth picture of Company A using a wide array of 
procedures, such as: direct observation within the case environment, informal 
discussions with the selected participants possessing intimate knowledge of the case, 
surveys, and analysing artefacts from the case environment, such as company 
documents and written documents.  
The objectives and methods used for Phase 2 are shown in Table 5.3. The results are 
presented and discussed in the next section. 
Objectives Method 
Understand the current state of use of 
ISTs  by Company A  
Desktop Study 
Company document analysis  
Understand the process of selecting 
ISTs in Company A 
Innovation Value Chain (IVC) Questionnaire (Part A) 
Company document analysis 
Informal discussions 
Analyse the innovation process of 
Company A and identify the weak links 
Innovation Value Chain (IVC) Questionnaire (Part B) 
 
Table 5.3: Objective and methods used for Phase 2 
5.3.1 Current use of ISTs in Company A  
The researcher established the current use of ISTs within Company A at the subsidiary 
level (with the Interiors and Retail) and project level (including supermarkets, 
department stores, banking and retail). This involved a desk top study and company 
document analysis to review the retail buildings built in the last five years by the 
company. Twenty-three completed projects were reviewed and a database of 
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sustainable technologies was compiled and confirmed through telephone and email 
communications with participants from the project level of Company A (Table 5.2). The 
researcher identified that nineteen retail projects had no ISTs and only four had ISTs 
incorporated, of which two were on the insistence of the client and only two were on the 
initiative of the contractor, as shown in Table 5.4.  
Project Sustainable 
technology 
Innovative sustainable 
technologies 
Comments 
Project 1 x  x Contractor’s Initiative 
Project 2 x    
Project 3 x    
Project 4 x  x Contractor’s Initiative 
Project 5 x    
Project 5 x    
Project 6 x    
Project 7 x  x Client’s Initiative 
Project 8 x    
Project 9 x    
Project 10 x    
Project 11 x    
Project 12 x  x Client’s Initiative 
Project 13 x    
Project 14 x    
Project 15 x    
Project 16 x    
Project 17 x    
Project 18 x   
Project 19 x    
Project 20 x    
Project 21 x    
Project 22 x   
Project 23 x    
Table 5.4: Summary of ISTs used by Company A 
Projects 1 and 4 were on the contractor’s suggestion to use ISTs such as solar panels, 
solar water heating and biomass boilers to reduce energy use and carbon emissions. 
The FiT was an incentive for the retailer to implement these technologies; however, the 
subsequent reduction in the FiT rates has dissuaded many clients for implementing 
such technologies. For example the FiT for solar panels was 41.3p/kWh in 2010 but 
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reduced to 21p/kWh in 2012. This created an uncertainty to trial further ISTs despite 
other Government schemes encouraging the uptake of ISTs. 
Project 7 was an exemplar project driven by the client’s interest to trial ISTs on a new 
retail building. Some of the ISTs used on the project were; 100% LED lighting, polished 
concrete floors, reclaimed bricks, heat recovery and re-use, green roof and sun pipes. 
The use of ISTs provided an overall reduction in embodied carbon of 12.3% for the 
retail building. The project was used as a test bed and successful ISTs were rolled out 
as a standard specification on the retailers’ future projects. Similarly Project 12 was on 
the client’s insistence to trial lighting controls and doors on the fridges. In both projects 
(7 and 12), the contractor was not liable for the risks or uncertainty of using the ISTs 
which could be the reason for the adoption of ISTs on these projects. 
The list of sustainable technologies used by Company A (Table 5.4) indicates the 
company is risk-averse and a late majority and laggard in adopting ISTs, although ISTs 
can improve the business performance and also provide distinct and sustainable 
competitive advantages for the company. The analysis indicated that the company 
mostly used established sustainable technologies in the last five years, but very rarely, 
if at all, used ISTs on their projects. As a result, company A is skewing its innovation 
portfolios with existing matured sustainable technologies, rather than aiming for ISTs. 
The company is also missing out on opportunities that could provide benefits to not 
only the company but all the other stakeholders involved.  
5.3.2 Process of selecting ISTs in a real context (Company A) 
Ganotakis et al. (2012) explain that ‘innovation is central to the survival and growth of a 
company, and ultimately to the health of the economies of which they are part’. It is 
therefore important to have a clear understanding of the processes by which firms 
perform innovation. The innovation value chain (IVC) proposed by Hansen and 
Birkinshaw (2007) offers a comprehensive framework to understand the innovation 
process of a business and to identify the weakest and strongest links of a company. 
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The IVC analysis shows the key interrelationships in the whole process of innovation, 
from sourcing knowledge through product and process innovation (idea generation) to 
performance in terms of the growth (idea conversion) and productivity outcomes of 
different types of innovation (idea diffusion). Therefore, Hansen and Birkinshaw (2007) 
framework was adopted and used to develop an innovation value chain (IVC) 
questionnaire to assess the innovation process of Company A and highlight the 
strengths and weaknesses in the innovation performance of the company.   
Qualtrics Survey Software was used to collect the data from respondents. The 
questionnaire consisted of two parts: (A) The definition, use and selection of ISTs in 
Company A; and (B) the innovation process of Company A (Appendix B.1). The 
questionnaire was sent electronically to the twenty selected participants from the 
group, subsidiary and project level of Company A (Table 5.2). Nineteen respondents 
completed the survey which was a positive response rate of 95%. Tabular description 
statistics was used to describe and summarise the data using the tables of frequency. 
Results from Part A and B of the IVC survey are presented below. Results of Part B of 
the IVC survey are presented in the next Section 5.3.3. 
Part A of the questionnaire consisted of five semi-closed questions and tick-box 
responses and the opportunity for the participants to provide additional comments or 
suggestions.  
Question A.1: This question aimed to first understand what the term ‘Innovative 
Sustainable Technology’ means to each of the respondents from Company A and to 
develop a coherent working definition of what constitutes an IST for the study. Although 
this was explored in the literature review (Section 2.5.1), it was important to develop a 
working definition of ISTs for the study and ensure the researcher and the respondents 
had the same understanding. 
The term ‘Innovative Sustainable Technology’ was described differently by the 
respondents based on their different job roles and the data collected from the survey 
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was grouped into three categories according to the newness, impact on client and 
characteristics of the ISTs, as illustrated in Table 5.5.  
Newness of ISTs Impact on Client Characteristics of ISTs 
Production Manager (G2) 
Strategy and Delivery Manager 
(G5) 
Procurement Manager (G6) 
OPEX Member 2 (G7) 
OPEX Member 3 (G8) 
Sustainability Director (G1) 
Managing Director Retail & 
Interiors (S1) 
Marketing Manager Retail (S2) 
Business Unit Director (S3) 
Commercial Manager (S5) 
 
Sustainable Technology Manager (G3) 
Supply Chain Manager (G4) 
Business Manager (S4) 
Senior Building Services Manager (P1) 
Building Service Manager  (P2) 
Principal Design Manager (P3) 
Senior Design Manager (P4) 
Bid Manager (P6) 
Estimator (P7)
Table 5.5: Categories of IST definition by respondents 
26% of the respondents (G2, G5, G6, G7 and G8) defined ISTs based on the newness 
and did not mention any characteristics for ISTs. These respondents were from the 
group level and are not involved in the selection of ISTs. Some of the responses from 
the survey for this category were:  
‘This could refer to a new technology or could refer to a technology that has 
been available but not used for retail buildings’ (G6). 
‘It’s the definition of new; completely new and new but not being used by others’ 
(G8). 
‘Something that is differentiating; product related that is more than just a latest 
fad’ (G5). 
26% of the respondents (G1, S1, S2, S3 and S5) defined ISTs along two dimensions: 
Firstly, the level of newness, and secondly, the impact on the client. These 
respondents were from the group and subsidiary level who have a client-facing role. 
Some of the responses from the survey for this category were:  
‘New ideas that will make a real difference to our customers’ environmental 
performance’ (G1). 
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‘Developments that can be delivered to our customers as new’ (S3). 
‘New product, services, ways of working that deliver tangible value. This can be 
cost out, value in or dependent on the client and what is value to them. It could 
be the positive economic or social impact on a local community etc, that is not a 
one off but repeatable’ (S1). 
The majority of the respondents (48%) defined ISTs along two dimensions: Firstly, the 
level of newness, and secondly, the environmental benefit of the technology. These 
respondents (G3, G4, S4, P1, P2, P3, P4, P6 and P7) were involved in the selection of 
ISTs and had a clearer definition of the characteristics. Some of the responses from the 
survey for this category were: 
‘ISTs that can provide improvements, such as time, cost, safety, ease of use, 
etc.  All this while using Eco-friendly, sustainable technology’ (G3). 
‘Something that can be demonstrated to reduce energy/carbon/transport/jobs 
and overall costs’ (P6). 
‘A new working solution. In my opinion for it to be innovative the upfront cost 
would need to be on par or even lower than the existing working solution put 
forward. Too much is talked about whole life costing and for me too few people 
can undertake an accurate and realistic analysis at the time of the requirement 
for it to be used as a decision-maker that lowers the building(s) carbon footprint’ 
(P7). 
‘New products, materials or systems to market that have a positive impact on 
the environment - saving energy, reducing waste, cost effective (payback)’ 
(G4). 
‘The technologies including materials, methods and strategies that improve 
ways of construction and working, which minimise any detrimental impact on 
the environment and optimise efficiency within the industry’ (P1). 
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Drawing on the existing body of knowledge and the considerations of the three 
categories identified from the survey, innovative sustainable technology is defined in 
this study as: 
“An innovative sustainable technology is not necessarily a new invention but a 
technology that is new to the business that can reduce energy use and carbon 
emissions, optimise the process of delivering low carbon retail buildings and 
provide a source of competitive advantage.” 
Question A.2: This question aimed to understand the current methods and processes 
used in Company A to select ISTs, and also provide suggestions for improving the 
selection process.  
The responses from A.2 were grouped into three categories as shown in Table 5.6 and 
indicated; Company A had no structured selection process; the selection process was 
client led; or based on environmental and costing schemes.  
No structured selection process 
(58%) 
Client led                       
(26%) 
Environmental and costing schemes 
(16%) 
Supply Chain Manager (G4) 
Managing Director Retail & Interiors 
(S1) 
Principal Design Manager (P3) 
Marketing Manager Retail (S2) 
Strategy and Delivery Manager (G5) 
Production Manager (G2) 
Sustainable Technology Manager (G3) 
Procurement Manager (G6) 
OPEX Member 3 (G8) 
Building Service Manager  (P2) 
Bid Manager (P6) 
Business Unit Director (S3) 
OPEX Member 2 (G7) 
Business Manager (S4) 
Commercial Manager (S5) 
Senior Design Manager (P4) 
 
Sustainability Director (G1) 
Senior Building Services Manager (P1) 
Estimator (P7) 
 
 
 

Table 5.6: Current process of selecting ISTs by respondents 
The majority of the respondents (58%) indicated that Company A did not have a 
structured process for selecting ISTs. Some of the responses from this group were:  
 ‘We don't as far as I am aware’ (P6). 
 ‘Currently there is no selection procedure’ (G4). 
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‘Done on an ad-hoc basis based on instincts and past experience’ (P3). 
‘We are risk adverse. Fear of knowing where we sit contractually’ (G8). 
26% of the respondents indicated they were not involved in the selection of ISTs, as 
the decision was made by the client or they were involved when all the decisions had 
been made by the other stakeholders. Some of the responses from this group were: 
‘We do not select ISTs as we are involved quite late at the construction stage 
and by then all the technologies have been selected’ (P4). 
‘Driven by client’s requirements’ (S3). 
‘We usually just go with what is being specified by the consultants’ (S5). 
‘All set by the client’ (S4). 
A minority of the respondents (16%) mentioned environmental and costing schemes 
were used to select ISTs, such as BREEAM, SKA, Cost Vs Payback. 
The results of Question A.2 revealed that Company A does not have a structured 
process for the selection of ISTs.  
The researcher conducted some additional company document analysis to support the 
results obtained from the questionnaire that Company A does not have a structured 
process to select ISTs. The supplier selection questionnaire used by Company A was 
analysed and discussed with the supply chain manager (G4). The document analysis 
revealed that Company A had a well-developed supply chain system to select suppliers 
(EXOR framework). It consists of an on-line questionnaire comprising a set of 
standards that cover the following areas: financial stability and viability of business, 
corporate governance, director history, experience of business, insurances and 
registrations, health and safety, equal opportunities, environmental management, work 
in occupied dwellings, amongst other categories. Scores are allocated to each category 
and the final score is used to determine the selection of the supplier. Although the 
EXOR is a robust framework to select suppliers, the analysis revealed that it is not 
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appropriate for selecting ISTs. Many of the ISTs do not qualify for the standards set by 
the EXOR framework, due to the fact they are new and hence do not obtain the 
minimum score to be selected. As a result, suppliers of ISTs are unable to get onto the 
supply chain of Company A or other contractors as they all have similar processes. 
This has resulted in construction professionals not considering several potential ISTs 
that can provide environmental and financial savings to the retail construction industry. 
The supply chain manager confirmed the existing supply chain system for Company A 
was not suitable for selecting ISTs and that there was a need for a structured selection 
process to analyse and screen appropriate ISTs.  
Question A.3: This question aimed to assess the respondents’ views on the task of 
selecting ISTs. As shown in Table 5.7, the majority of the respondents considered the 
task of selecting ISTs to be very difficult (32%) and difficult (53%). While 15% of the 
respondents answered they were unable to comment as they were not involved in the 
selection process and were therefore neutral. None of the respondents mentioned the 
task of selecting ISTs was easy or very easy.  
Very Difficult 
(32%) 
Difficult 
(53%) 
Neutral 
(15%) 
Easy/Very 
Easy (0%) 
Sustainable Technology 
Manager (G3) 
Supply Chain Manager (G4) 
Procurement Manager (G6) 
Principal Design Manager (P3) 
Senior Design Manager (P4) 
Bid Manager (P6) 
Sustainability Director (G1) 
Production Manager (G2) 
Managing Director Retail & Interiors (S1) 
Marketing Manager Retail (S2) 
Business Unit Director (S3) 
Business Manager (S4) 
Commercial Manager (S5) 
Senior Building Services Manager (P1) 
Building Service Manager  (P2) 
Estimator (P7) 
OPEX Member 2 
(G7) 
OPEX Member 3 
(G8) 
Strategy and 
Delivery Manager 
(G5) 

 
Table 5.7: Process of selecting ISTs 
Question A.4: This question aimed at understanding if Company A was reluctant to 
adopt ISTs. Findings from the literature review indicated that there are several ISTs 
available in the market. However, stakeholders in the retail sector are reluctant to 
adopt. Results from question A.4 confirmed findings from the literature review and most 
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respondents agreed (58%) and strongly agreed (21%) they are reluctant to adopt ISTs. 
16% of respondents were neutral and only 5% disagreed with the statement but none 
strongly disagreed, as shown in Table 5.8.   
Strongly 
Agree (21%) 
Agree (58%) Neutral (16%) Disagree (5%) Strongly 
Disagree (0%) 
Sustainable 
Technology 
Manager (G3) 
Supply Chain 
Manager (G4) 
Procurement 
Manager (G6) 
Principal 
Design 
Manager (P3) 
 
Sustainability Director (G1) 
Production Manager (G2) 
Managing Director Retail & 
Interiors (S1) 
Marketing Manager Retail 
(S2) 
Business Unit Director (S3) 
Business Manager (S4) 
Senior Building Services 
Manager (P1) 
Building Service Manager  
(P2) 
Estimator (P7) 
Senior Design Manager (P4) 
Bid Manager (P6) 
OPEX Member 2 (G7) 
OPEX Member 3 (G8) 
Strategy and Delivery 
Manager (G5) 

Commercial 
Manager (S5) 
 
 
Table 5.8: Reluctance to adopt ISTs 
Question A.5. Results from Phase 1 and the literature review suggested that the use 
of a Decision Support Framework could be useful. Therefore, this question aimed to 
understand whether the professionals in Company A agreed that the use of a 
structured Decision Support Framework could assist stakeholders in the selection of 
innovative sustainable technologies. The majority of the respondents agreed (74%) or 
strongly agreed (16%) that the use of a structured Decision Support Framework can 
assist in the selection process. 10% of the respondents were neutral but none of the 
participants disagreed or strongly disagreed, as shown in Table 5.9. 
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Strongly Agree (16%) Agree (74%) Neutral (10%) 
Managing Director Retail & Interiors 
(S1) 
Supply Chain Manager (G4) 
Principal Design Manager (P3) 
 
Sustainability Director (G1) 
Production Manager (G2) 
Sustainable Technology Manager (G3) 
Strategy and Delivery Manager (G5) 
Procurement Manager (G6) 
Marketing Manager Retail (S2) 
Business Unit Director (S3) 
Business Manager (S4) 
Commercial Manager (S5) 
Senior Building Services Manager (P1) 
Building Service Manager  (P2) 
Senior Design Manager (P4) 
Bid Manager (P6) 
Estimator (P7) 
OPEX Member 2 (G7) 
OPEX Member 3 (G8) 

Table 5.9: Need for a structured Decision Support Framework 
5.3.3 Innovation process of Company A 
According to Hansen and Birkinshaw (2007), the successful selection and 
implementation of ISTs involves three phases: idea generation, conversion, and 
diffusion, together with six linking tasks to connect these phases: In-house idea 
generation; Cross-pollination among businesses; External Sourcing of ideas; Selection; 
Development, and Diffusion. The innovation effort made by a company can be broken if 
there are any weak links in the innovation process.  
Part B of the questionnaire consisted of a set of questions adapted from Hansen and 
Birkinshaw (2007) framework and divided into three phases: idea generation, idea 
conversion and idea diffusion and the six links. For each question, respondents had to 
agree, partially agree or not agree and were scored 3, 2 and 1 respectively. The 
weakest phase of a company and the weak links can be identified from the scores 
(ibid). For example a company may be weak in generating ideas if the idea generating 
phase has the highest scores. Therefore, using the results from Part B, the researcher 
was able to understand the innovation process of Company A. 
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Table 5.10 shows the results of the aggregated responses of the questionnaire, 
including all questions, absolute and relative scores, the activity and phase of each 
question. The IVC analysis identified that Company A was weak in the idea generating 
phase with the highest score (338), following by the conversion phase (195) and the 
diffusion phase (141). The weakest links identified were; ‘We have tough rules for 
investment in new projects - it is often hard to get ideas funded’ and ‘Risk-averse 
attitude investing in novel ideas’. 
Questions Do Not Agree  
Resp. x (1) 
Partially Agree 
Resp. x (2) 
Agree 
Resp. x (3) 
Score Link Phase 
Score 
Our culture makes it 
hard for people to put 
forward novel ideas  
4x1=4 10x2=20 5x3=15 39 
In-house idea 
generation 
78 
Id
ea
 G
en
er
at
io
n 
P
ha
se
 
T
o
ta
l S
co
re
: 
33
8 
People in our unit come 
up with very few good 
ideas on their own 
4x1=4 10x2=20 5x3=15 39 
Few of our innovation 
projects involve team 
members from different 
units 
1x1=1 4x2=8 14x3=42 51 
Cross-
pollination 
among 
businesses 
102 
Our people typically do 
not collaborate on 
projects across units, 
businesses, or 
subsidiaries 
0 6x2=12 13x3=39 51 
People are not 
motivated to bringing 
new ideas from 
suppliers 
2x1=2 6x2=12 9x3=27 41 
External 
Sourcing of 
ideas 
158 
We do not have open 
and trusting 
relationships with our 
suppliers 
2x1=2 11x2=22 2x3=6 30 
Few good ideas for 
new products and 
services come from 
outside the company 
5x1=5 3x2=6 11x3=33 44 
Our people often 
exhibit a ‘not invented 
here’ attitude; ideas 
from outside not 
considered as valuable 
as those invented 
within 
2x1=2 10x2=20 7x3=21 43 
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Questions Do Not Agree  
Resp. x (1) 
Partially Agree 
Resp. x (2) 
Agree 
Resp. x (3) 
Score Link Phase 
Score 
We have tough rules 
for investment in new 
projects - it is often 
hard to get ideas 
funded 
0 4x2=8 15x3=45 53 
Selection 
106 
Id
ea
 C
on
ve
rs
io
n 
P
ha
se
 
T
o
ta
l S
co
re
: 
19
5 
Risk-averse attitude 
investing in novel ideas 0 4x2=8 15x3=45 53 
New-product-
development projects 
do not usually finish on 
time 
7x1=7 9x2=18 3x3=9 34 
Development 
89 Managers have a hard 
time getting traction 
developing new 
products or services 
1x1=1 9x2=18 9x3=27 46 
We are slow to roll out 
new products and 
businesses 
1x1=1 5x2=10 13x3=39 50 
Diffusion 
141 
D
iff
us
io
n 
P
ha
se
 
T
o
ta
l S
co
re
: 
14
1 
Competitors quickly 
copy our product 
introductions 
4x1=4 11x2=22 4x3=12 38 
We do not penetrate all 
possible channels, 
customer groups, and 
regions with new 
products and services 
0 4x2=8 14x3=42 50 
Table 5.10: Innovation value chain analysis (Adapted from: Hansen et al. 2007) 
The overall aim of the research is to optimise the uptake of ISTs in the retail 
construction industry. Therefore the research will contribute to improving the weakest 
links of Company A and assist the company generate ISTs and convert the ISTs to 
business opportunities. This would improve the idea generation and idea conversion 
phase of the innovation process of Company A. 
5.4 Summary 
This Chapter has presented the findings from the exploratory study with stakeholders 
from the wider construction industry and an in-depth organisational case study with a 
leading UK retail contractor. The exploratory study (Phase 1) identified the main drivers 
for and barriers to the selection of ISTs for existing retail buildings. Although there are 
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several benefits of using ISTs, the study identified an attitude-behaviour gap which is a 
widely recognised mismatch between stakeholders articulated positive attitudes toward 
ISTs and their actual unwillingness to use them. The underlying problem to 
stakeholders’ reluctance was perceived as the difficult process of selecting appropriate 
ISTs. As it would be difficult to work along with all the stakeholders involved in the 
selection of ISTs, an in-depth case study with Company A was conducted to explore 
why there is a slow uptake of ISTs in the retail construction industry.  
The results from the in-depth organisational case study identified that there was a low 
uptake of ISTs in Company A. Although the company has a well-established supply 
chain and framework that focus on matured and established technologies, it does not 
have a structured process for selecting ISTs. This was also confirmed from the results 
from Part B of the survey which indicated the company was weak in screening and 
selecting suitable ISTs. 
The main findings indicate the underlying causes for the slow uptake of ISTs in the 
retail construction industry, highlighting the issues in selecting ISTs and the lack of a 
framework to select ISTs. The results suggest the need for a Decision Support 
Framework to assist stakeholders in the selection process to optimise the use of ISTs 
in the retail construction industry.  
The next chapter proposes a novel Decision Support Framework that will assist 
stakeholders in the retail construction industry select ISTs and ultimately optimise the 
uptake of ISTs. 
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  Chapter 6
Development of the Decision 
Support Framework to select ISTs 
6.1 Introduction 
The literature review of low carbon retail buildings (Chapter 2) and the results from the 
exploratory study (Phase 1) and the in-depth organisational case study with Company 
A (Phase 2) indicate there has been a slow uptake of ISTs in the retail construction 
industry. The underlying problem has been identified as the lack of a systematic 
selection process to assist stakeholders select ISTs.  
This chapter presents and explain a novel Decision Support Framework to address the 
selection problem and fulfils the following objective: 
Objective 5: To develop a Decision Support Framework to assist 
stakeholders select innovative sustainable technologies for existing retail 
buildings. 
The proposed Decision Support Framework is a combination of two existing methods: 
analytical hierarchy process (AHP) and directional policy matrix (DPM), reviewed in 
Chapter 3. However, as discussed, both methods have some advantages and 
disadvantages. Therefore, the proposed Decision Support Framework combines both 
methods to compensate for the disadvantages of one method with the advantages of 
the other. This chapter first explains the advantages and limitations of both methods in 
regard to the decision problem. The conceptual framework is presented and the steps 
to use the framework are explained in detail. 
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6.2 Multiple Criteria Decision Analysis Methods 
adopted for the design of the Decision Support 
Framework 
The literature review in decision-making methods indicated (Chapter 3) there are 
several MCDA methods, which differ in the required quality and quantity of additional 
information, the methodology used, the user-friendliness, the sensitivity tools used and 
the mathematical properties verified (Zavadskas & Turskis, 2011). However, each 
method has advantages and disadvantages and is suitable for specific selection tasks. 
All MCDA methods, despite the diversity consist of at least one decision-maker, at least 
two criteria and a finite or infinite set of actions of alternatives/solutions. Given these 
basic elements, MCDA methods help organise the decision-making process, provide 
support and facilitate decision-makers when choosing, ranking or sorting alternatives 
(Belton & Stewart, 2002). 
Therefore, the proposed Decision Support Framework builds on MCDA methodology 
and is a combination of two MCDA methods ‘analytical hierarchy process’ (AHP) and 
‘directional policy matrix’ (DPM). It is designed as a strategic tool to assist decision-
maker(s) at the senior management level in the complex decision-making problem of 
selecting appropriate ISTs, which could be explored further after the selection. 
6.2.1 Analytical Hierarchy Process (AHP) 
The AHP is a well-established method based on mathematical calculations that allows 
the simplification of complex decisional problems (Barone et al., 2014). It provides a 
hierarchical representation of the problem and handles both tangible and intangible 
criteria. It has a well-defined procedure to perform pair-wise comparisons of two 
criteria/alternatives at a time. The pair-wise comparison helps simplify the complex 
decision-making problem by considering two elements at a time. The AHP also 
establishes a relationship of relative importance between the pair-wise comparisons at 
one time through a semantic rating scale, whose levels are translated into numbers 
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ranging from 1 to 9. For example, in the case of three alternatives, if the first alternative 
is judged to be three times more important than the second alternative and the second 
alternative three times more than the last alternative, it follows that the first alternative 
is judged to be nine times better than the third. According to this condition, the pair-
wise comparison matrix should ideally be consistent. However, due to the natural limits 
of human rationality, it is rarely possible to achieve perfect consistency with several 
criteria and alternatives. To overcome this problem, the level of inconsistency for each 
decision-maker can be measured using the consistency index (CI), and the consistency 
ratio (CR) indicates whether the decision-makers have made consistent judgements 
both individually and as a group (Section 3.7.2). According to Saaty and Vargas (2013) 
for five or more criteria/alternatives the CR should be less than or equal to 0.1 for the 
decision-maker’(s’) judgement to be considered ‘sufficiently consistent’. Therefore, the 
AHP is a good method to weigh and rank the criteria for the selection of ISTs and 
provides a consistency ratio to indicate the reliability of the participants both individually 
and as a group. However, it is not suitable for evaluating the alternatives, as the results 
provide a hierarchy of the alternatives based on the participants’ preferences but do not 
provide the decision-maker(s) with the knowledge of whether to proceed with the 
selected alternatives or not.   
6.2.2 Directional Policy Matrix (DPM) 
The DPM was originally developed by the General Electric (GE) industrial group in 
collaboration with the McKinsey consulting firm (Amatulli, Caputo & Guido, 2011) and 
can be used for the selection of ISTs. The DPM consists of a nine-cell (3X3) multi-
factor matrix with two dimensions represented along the horizontal axis and the vertical 
axis respectively (Section 3.7.1). Each dimension is made up of a group of criteria and 
can be used to represent the key stakeholders in the decision-making process and 
their selection criteria. The combined results of stakeholders are represented by circles 
and positioned in one of the nine cells on the matrix. The position on the matrix 
determines if the alternative has a high, medium or low potential to be explored further 
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and provides the decision-maker(s) with a clear indication of the next steps. The aim of 
the selection process is to select appropriate ISTs that could be further explored by the 
decision-makers. Therefore, the DPM matrix is more suitable for the evaluation of the 
alternatives as each cell on the matrix represents a recommendation for the decision- 
makers. However, a disadvantage of the DPM is that the selection criteria are weighed 
and ranked arbitrarily by directly assigning quantitative weights unlike the AHP which is 
derived in a logical way and provides valid and consistent results for each decision-
maker and the group.    
6.3 Proposed Decision Support Framework 
To overcome the deficiencies of the AHP and DPM methods, the proposed Decision 
Support Framework combines both methods, comprising of both analytical and 
interactive components as shown in Figure 6.1. AHP will be used to rank and weigh the 
selection criteria (analytical component) while the DPM will be used to evaluate the 
alternative ISTs and suggest a single aggregated, ‘go’ or ‘no go’ decision (interactive 
component).   
 
Figure 6.1: Proposed Decision Support Framework 
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The Decision Support Framework will require a facilitator/analyst and a maximum of 
fifteen key decision-makers (participants). It is important to include the key decision-
makers and limit the participants to a maximum of fifteen due to the following reasons. 
Firstly, as this is a pre-selection process to check the appropriateness, it needs a range 
of decision-makers involved in the design and construction of retail buildings, such as 
the business unit directors, supply chain managers, estimators, marketing managers, 
strategic managers, sustainability managers, building service engineers and design 
managers. Thus, one representative of each decision-maker’s group should be 
sufficient rather than the involvement several participants. The participants should have 
relevant professional knowledge about the objectives to be evaluated, provide input in 
defining the goal and scope of the decision problem and should set or approve the 
evaluation items, the evaluation criteria, and the evaluation method (Lee, Chen & 
Kang, 2009). Secondly, AHP is a subjective method (Wong & Li, 2008) and can be 
impracticable with a large sample size; there is a tendency for participants to provide 
arbitrary answers which can result in inconsistencies (Cheng et al., 2004; Wong & Li, 
2008). Although the sample size might seem limited, it is not mandatory to have a large 
sample size in situations focussing on specific issues. However, it is important to have 
relevant experts to ensure they provide valid and reliable results (Wong & Li, 2008).   
6.4 Stages and Steps of the proposed Decision 
Support Framework for the selection of ISTs 
As shown in Figure 6.2, the Decision Support Framework consists of three stages: 
Identification (identifying the key stakeholders and their selection criteria), Design 
(identifying the problem, objectives and alternatives) and Choice (selection of 
alternatives using AHP and DPM). The three stages are further broken down into main 
tasks and sub-tasks. 
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Figure 6.2: Stages of proposed Decision Support Framework 
Figure 6.3 shows the flowchart for the proposed Decision Support Framework with the 
three stages and main tasks: Identification (brown), Design (blue) and Choice (green). 
The next section describes each step in detail. 
Table 6.1 provides detailed information on each task, the methods and sample 
documents to use for each step. Some tasks are performed by the analysts while some 
are performed by the participants but facilitated by the analyst. 
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Figure 6.3: Flowchart of proposed Decision Support Framework 
 
 
NO 
Compare Alternative ISTs 
Select Alternative ISTs 
7. SCORE EACH ALTERNATIVE IST AGAINST 
EACH CRITERION 
(1) Initial  (2)Potential (3) Final  
YES 
Have all alternative 
ISTs been 
compared with all 
criteria? 
8. CALCULATE THE OVERALL WEIGHTS 
OF EACH ALTERNATIVE IST 
6. DEVELOP MATRIX OF PAIR-WISE 
COMPARISON CRITERIA 
(1) Calculate consistency ratio (CR) of 
pair-wise comparisons  
 
 
IS CR less than 
or equal to 0.1 
2. OVERALL OBJECTIVE 
(To select ISTs) 
3. IDENTIFY CRITERIA 
(1) Initial  (2) Potential  (3 ) Final 
5. IDENTIFY ALTERNATIVE ISTs 
(1) Pruning (2) Screening (3) Selection 
4. DEFINE INDICATORS FOR CRITERION 
NO 
YES 
1. STAKEHOLDER ANALYSIS 
(To identify key stakeholders) 
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Stage Main Task Sub Task Suitable Methods to Use Outputs Task By 
ID
E
N
T
IF
IC
A
T
IO
N
 
1. Stakeholder Analysis 1a.   Identify the stakeholders in 
the selection of ISTs for retail 
buildings 
To generate ideas, such as focus groups and 
brain storming sessions. 
Generates a range of stakeholders 
and categorises them into 
stakeholder groups. 
Analyst and participants 
(Max. 15) 
1b.   Identify key stakeholders 
and their selection criteria 
Stakeholder matrix, star diagrams, stakeholder 
influence map, stakeholder issue interrelation 
diagram.  
Lists the key stakeholders and their 
selection criteria 
Participants 
D
E
S
IG
N
 
2   Problem Structuring  
 
To generate ideas, such as focus groups, 
cognitive mapping and brain storming sessions. 
Identify and structure the decision 
problem, goals and objectives which 
will form the initial set of criteria 
Analyst and participants 
3.   Identify the selection 
criteria 
3a.   Initial Set of Criteria 
3b.   Potential Set of Criteria Review of literature related to the selection of 
ISTs to achieve low carbon retail building, such 
as journals, textbooks and magazines. 
A database of potential criteria 
representing the social, technical, 
environmental, economic and political 
criteria (STEEP). 
Analyst 
3c.   Final set of Criteria Focus group to select the final criteria from the 
potential. 
Final set of selection criteria to use Analyst and participants 
4.   Define indicators for 
the criteria 
 Focus group to define the indicators for the final 
set of criteria. 
Indicators for each criterion Analyst and participants 
5.   Identify alternatives 5a.   Stage 1 (Pruning) Desktop Analysis, internet searches and semi-
structured interviews with suppliers using the 
outputs from sub-task 3a. 
Sourcing ISTs from reliable sources, 
such as Ecobuild, trade shows, 
reliable pilot studies and construction 
magazines, resulting in a maximum of 
25 ISTs 
Analyst 
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Stage Main Task Sub Task Suitable Methods to Use Outputs Task By 
 5b.   Stage 2 (Screening) Detailed review of ISTs and semi-structured 
interviews with suppliers. 
A maximum of seven ISTs will be 
selected to be used for the Decision 
Support Framework 
Analyst 
C
H
O
IC
E
 
 5c.   Stage 3 (Selection) Green Dragons’ Dens Focus Group Workshop.  Analyst and participants 
6.   Rank and weigh the 
selection criteria 
 Use available AHP softwares such as Expert 
Choice or reliable AHP templates. 
The final set of criteria are ranked 
and weighed 
 
Analyst and participants 
7. Score the alternatives  Survey Every IST is scored by each  
participant and an average score is 
established for the group 
 
Analyst and participants 
8. Overall analysis to 
select ISTs 
 Task 6 multiplied by Task 7 and plotted on the 
DPM. 
Provides appropriate ISTs that can be 
explored further 
 
Analyst 
Table 6.1: Decision Support Framework tasks and sub-tasks
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6.4.1 Step 1: Stakeholder Analysis 
There are many different, and sometimes discrepant, interests in the selection of ISTs 
to deliver low carbon retail buildings. Managing and identifying stakeholders’ needs can 
assist in the selection of ISTs by providing an indication of their concerns, problems 
and requirements (De Brucker, Macharis & Verbeke, 2013; Macharis, Turcksin & 
Lebeau, 2012; Newcombe, 2003; Yang et al., 2009). However, due to the lack of formal 
available measurement criteria or strategies, unclear objectives and inadequate 
communication with the stakeholders (Loosemore, 2006; Olander & Landin, 2008),  
selection is currently based on knowledge-based techniques (Catalina, Virgone & 
Blanco, 2011; Wang et al., 2009). These methods do not adequately prioritise and 
assign weights to the relevant selection criteria based on the needs of stakeholders 
(Akadiri, Olomolaiye & Chinyio, 2013). Therefore, since stakeholder participation is an 
integral element of sustainable decision-making (Kiker et al., 2005), it is necessary to 
identify the key stakeholders.  
Step 1 aims to identify the stakeholders that are involved in or affected by the decision 
made to select ISTs, obtaining their input and value judgements of their expectations to 
ensure the selection process has followed a rational, fair and legitimate procedure 
(Eason et al., 2011; Merad et al., 2013). It also aims to assess the importance of 
stakeholders and their level of influence on the selection of ISTs.  
The literature review demonstrated that key stakeholders are typically identified via 
‘brain storming’. There are several disadvantages to using this method, as the results 
from a brain-storming session are very difficult to replicate even with the same people. 
Also, there is often a fear of departing from the general consensus of the group, and 
participants do not always share the same level of commitment to the goals of the 
brain-storming session (Stewart & Shamdasani, 2014). Wasserman et al. (1994) 
suggested some alternative methods to identify stakeholders, such as document 
analysis, questionnaires, interviews, and observation. To overcome the problems of 
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using a single method, it is suggested that the stakeholder analysis be conducted using 
two techniques: a brainstorming session and a questionnaire.  
The following three steps need to be carried out to identify the stakeholders: 
1. The analyst should conduct a brainstorming-session with the decision- 
makers (participants) to identify all stakeholders that are likely to be affected 
positively or negatively by the selection of ISTs for existing retail buildings. 
Example of some prompts that can be used during the session are: 
 Who are the decision-makers in the selection of ISTs for retail buildings? 
 Who are the stakeholders affected by the selection of ISTs? 
 What are the relationships between the stakeholders? 
2. The participants of the brainstorming session should group the identified 
stakeholders into different categories according to their discipline, such as 
Clients/Developers, Designers/Constructors, Suppliers/Manufacturers and 
UK Government/Statutory bodies.  
3. A stakeholder analysis should be conducted using a questionnaire to 
identify the most important and influential stakeholders in the selection of 
ISTs. This can be achieved by using stakeholder analysis templates and 
mapping the stakeholder groups based on their level of interest, legitimacy, 
influence or other factors relevant to the selection of ISTs (Appendix B.2).  
Step 1 will provide an in-depth understanding of each stakeholder’s objectives 
(Macharis, Turcksin & Lebeau, 2012) and develop a systematic selection process to 
identify and prioritise relevant criteria based on their needs (Catalina, Virgone & 
Blanco, 2011). This is essential to consider the environmental surroundings and to 
identify all the stakeholders associated with the problem and their value systems 
(Buchholz et al., 2009; Merad et al., 2013), as different structures can lead to a 
different final ranking of alternatives (Ishizaka & Labib, 2011; Saaty & Vargas, 2013).  
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6.4.2 Step 2: Identify and structure the decision problem, global 
goal and objectives 
Having identified the key stakeholder groups, the next step is to describe the decision-
making context and process to identify and structure the decision problem, global goal 
and objectives. The analyst can use participation strategies to solicit input from the 
participants, such as individual questionnaires, public meetings, focus groups, 
interviews, brainstorming, soft systems methodology, dialogue mapping, or a 
combination of these. 
In order to identify the problem, the participants need to agree on the focus and the 
scope of the problem and recognise external constraints such as physical or legislative 
environments, or time and resources available (Belton & Stewart, 2002; DCLG, 2009). 
Once the problem has been defined with the participants (also the key decision- 
makers), the analyst should be in a good position to structure the decision problem. 
This involves identifying a particular decisional element of the problem upon which a 
relevant multi-criteria evaluation model can be built. A useful tool at this stage is 
Keeney’s concept of decision framing (Keeney & Raiffa, 1999), which connects the 
decision problem with the fundamental objectives. Applying MCDA methodology and 
Kenney’s concept, the problem is structured by decomposing it into a hierarchical (or 
network) structure. 
Step 2 provides an understanding of the decision-making context and process as well 
as structuring the problem into a hierarchy. This is undoubtedly the most delicate step 
because the conclusions reached and the recommendations provided depend on the 
way the decision problem is identified and structured. It is also a critical step for 
subsequent analysis as it is often said that ‘a well-structured problem is a problem half 
solved’ (Belton & Stewart, 2002). 
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6.4.3 Step 3: Identify selection criteria  
This step involves the identification of the selection criteria which will form the basis for 
evaluating the alternative ISTs. It is important to identify a coherent family of criteria, 
rather than any set of criteria as they are of prime importance in the resolution of a 
given problem (Saaty, 2006).  As well as being coherent, the selection of criteria should 
also favour the collection of data so as to measure and compare the criteria objectively 
or subjectively (Ali Khatami Firouzabadi, Henson & Barnes, 2008). According to Franco 
et al. (2010), the selection criteria should consider all the essential organisational 
objectives involved in the decision (essential), have a clear meaning for all the 
members of the group involved in making the decision (understandable), be able to 
measure the performance of alternatives against each of the fundamental objectives 
(operational), not measure the same concern twice (non-redundant), and should 
include the smallest number of objectives required for the analysis (concise). DCLG 
(2009) suggested two overall approaches for identifying decision criteria: bottom-up 
and top-down. The bottom-up method is used to identify criteria if the alternatives are 
already given by asking how the alternatives differ from one another in ways that 
matter. The top-down method is used to identify criteria based on the overall objectives 
provided by asking about the aim, purpose, mission or overall objectives to be 
achieved (Pan, Dainty & Gibb, 2012). The top-down approach is more appropriate to 
the framework and should be used to first establish the decision criteria and then 
identify the alternatives. 
The criteria may be either quantitative (cost, carbon emissions) or qualitative (human 
comfort, risks). A tree-structured model can be used as suggested by Alanne et al. 
(2003), in which the starting points are general, strategic objectives (e.g. reduction of 
energy use and carbon emissions), followed by more specific levels (one or more 
levels of sub-criteria), until a reasonable target is reached. It is recommended that the 
main criteria should not be more than eight and also the sub-criteria under each main-
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criterion should not be more than eight also; in order to achieve simplicity, clarity and 
prevent the overlapping of evaluations (Tanimoto et al., 2001).  
Three sets of selection criteria will be defined for the Decision Support Framework:   
1. Initial set of criteria: This set of criteria will be based on the overall goal and 
objectives defined in Step 2 of the Decision Support Framework.  
2. Potential set of criteria: This set of criteria will be compiled from literature by 
the analyst and will be based on the initial set of criteria previously defined by 
the decision-makers from the company. The criteria will be classified into five 
categories: social, technical, environmental, economic and political (STEEP) 
with sub-criteria defined for each category. The categories are established by 
reviewing the overall goal of the decision problem (the selection of innovative 
technologies that are sustainable). To make this a more practical goal, the 
concept of sustainability is first broken down into criteria for each pillar (social, 
environmental and economic). Other important criteria that have been included 
are technical and political, as they are relevant to the decision problem. The 
political/legislative criterion is the main driver pushing the construction industry 
to deliver low carbon buildings using innovative sustainable technologies. Also 
the selection involves innovative technologies; therefore, the technical capability 
of the technology is another important criterion that should be considered.  
3. Final set of criteria: The final set of criteria is of prime importance and 
represents the tools which enable the comparison of IST alternatives from a 
specific point of view (Cavallaro, 2009). This set of criteria are selected from the 
potential set of criteria by the participants and will be used for the selection of 
alternative ISTs.  
It is important to identify the varying preferences of stakeholders in the selection of 
ISTs and incorporate their selection criteria in the Decision Support Framework. The 
multi-actor multiple criteria analysis (MAMCA) methodology can be used to identify the 
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selection criteria for each stakeholder (Turcksin et al., 2011). The MAMCA 
methodology can make use of identical criteria for every stakeholder group (Macharis, 
Turcksin & Lebeau, 2012; Turcksin et al., 2011) or identify specific criteria for each 
stakeholder group (Macharis, Verbeke & De Brucker, 2004). The latter method would 
be suitable to ensure the criteria are not repeated. 
Therefore, using the MAMCA methodology, the final set of criteria will be grouped 
under two categories representing the selection criteria of the key stakeholder groups 
identified in Step 1 of the Decision Support Framework. For example 
Clients/Developers and Designers/Contractors can be the two categories, with a set of 
selection criteria for each category.  
According to Saaty and Vargas (2006), for ‘n’ criteria, the total number of comparisons 
would be n(n-1)/2. For example, ten criteria would need forty-five comparisons to be 
made by each participant. This can be a laborious process resulting in mistakes and 
inconsistencies. Therefore, the maximum criteria for each category will be limited to 
seven, requiring each participant to make twenty-one comparisons.  
The analyst can use focus groups or interviews to establish the final set of criteria and 
should be; comprehensive, applicable to the decision problem, chosen in a transparent 
way and should form a practicable set for the purposes of the decision to be assessed 
(Akadiri, Olomolaiye & Chinyio, 2013). 
6.4.4 Step 4: Defining indicators for the final set of criteria 
In this step, the previously identified criteria are ‘operationalised’ by constructing 
indicators (also called attributes, metrics or variables) that can be used to measure 
whether, or to what extent, an alternative contributes to each individual criterion. 
Indicators are usually quantitative in nature but not always (Macharis, Turcksin & 
Lebeau, 2012) and provide a ‘scale’ to measure the impact of adopting each decision 
alternative on the selection criterion which is being pursued (Montibeller & Franco, 
2010).  
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The criteria can be measured using indicators that are either direct-natural or direct-
constructed. A direct-natural indicator measures the criterion directly and is more 
suitable when there is information available to measure, e.g. cost. The direct-
constructed indicators are specifically created to measure the criterion, e.g. the time to 
install a technology could be measured by a set of range-labels ranging from worst 
level (complete closure of building to install) to the best level (no disturbance to building 
owners and occupiers). Due to the nature of innovative technologies and available 
information, the direct-constructed indicators are more suitable.  
6.4.5 Step 5: Identifying ISTs Alternatives 
Step 5 aims to identify the ISTs alternatives for the decision problem. The alternatives 
can be identified using an alternative-focused method, in which the alternatives are 
established prior to defining the selection criteria. However, this method would not be 
suitable to use as the decision problem involves identifying new ISTs. Therefore, the 
alternatives will be identified after defining the selection criteria and will be based on 
case-specific information  and will include ISTs that can potentially satisfy the problem 
objectives and selection criteria (Freitas et al., 2013) established in Steps 2 and 3. 
Simon’s ‘Rational Actor’ model of decision-making has been adapted for this step. It 
consists of first determining the set of all possible alternatives, analysing all of the 
potential consequences of each alternative and then choosing the best alternative 
based on the selection criteria (Simon, 1997). In this step, the Rational Actor model has 
been modified to reduce the number of alternatives to be considered by the participants 
(decision-makers) and involves three stages:  
1. Pruning: A desktop study is conducted by the analyst to identify potential ISTs 
using a Yes/No gateway and the initial set of criteria established in Step 3. The 
technologies can be sourced from reliable and trusted sources, such as UK 
Green Building Council, Eco build, trade exhibitions, construction magazines 
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and journal articles. This stage should result in the identification of 20-30 
potential ISTs. 
2. Screening: The analyst then conducts a screening of the pruned ISTs using 
the sets of criteria from Step 3. This involves gathering more information on 
each IST and also interviewing the IST suppliers and screening the unsuitable 
ISTs. For example, the goal is the selection of ISTs for existing retail buildings 
to achieve reductions in energy use and carbon emissions. Thus, if an IST is 
only applicable to hospital buildings, the IST will be screened. This step is to 
select potential ISTs that satisfy the decision problem and objectives as well as 
eliminate the unsuitable options. This should result in a subset of a maximum of 
seven IST alternatives, all of which would be feasible options for the intended 
application. This reduces the time spent by the participants considering 
unsuitable ISTs and focuses on appropriate ISTs that would suit their 
objectives. 
3. Selection: This stage is for the final selection of the ISTs by the participants 
and is performed in Step 7 of the Decision Support Framework. The analyst 
should organise a 5-6 hours ‘Green Dragons’ Den Focus Group’ (GDDFG) with 
the company. Steps 6, 7 and 8 are conducted during the GDDFG. An agenda 
for the GDDFG and a one-page summary of each IST should be sent to the 
participants a week in advance. The aim is to involve the participants in the 
decision-making process. During the GDDFG each supplier has 20 minutes to 
present their IST to the participants with a 10-minute question-and-answer 
session and each participant then scores the supplier using the indicators from 
Step 4. The supplier’s presentation should be kept brief (as this is a strategic 
decision that would be taken by the senior management level of the company). 
The ISTs selected by the GDDFG can then be explored further by the decision-
makers.  
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6.4.6 Step 6: Weighting and Ranking of final set of criteria  
Step 6 aims to define the weighting and ranking (priority) of the final set of criteria in 
order to let the decision-makers express their preference for the different criteria and to 
distinguish in general the more important criteria from the less important ones (Wong & 
Li, 2008). Langston (2013) explains two methods for eliciting the weights of the criteria: 
direct and indirect explication. In the former the weights are determined before the 
alternatives are established through expert opinion and are called ‘a priori weights'. 
While in the later, the alternatives are determined first and the criteria are weighted 
later known as posteriori weights. A priori weights are more relevant to the Decision 
Support Framework as the selection criteria are first established, then ranked and 
weighted before the IST alternatives are identified.  
Several methods can be used to determine the weights, such as the allocation of 
points, trade-off, direct allocation, pair-wise comparisons (AHP) and so on (for an 
overview (Ishizaka & Labib, 2011; Saaty & Vargas, 2013). The AHP has the following 
advantages over the other methods: it has the ability to check inconsistencies, it 
supports group decision-making through consensus by calculating the geometric mean 
of the individual pair-wise comparisons and reduces bias in the decision-making 
process (DCLG, 2009; Ishizaka et al., 2009; Subramanian et al., 2012). 
Therefore, the AHP method is used for this step. As explained in Section 3.7.2, AHP is 
based on mathematical calculations to provide the ranking, weighting and consistency 
ratio (CR) for each decision-maker and the group. There are a number of decision-
making software programs that can be used for this step. Therefore, the analyst can 
use already established programs to conduct the AHP analysis, such as Expert Choice, 
Decision Lens or reliable AHP excel templates available on the internet. The analyst 
can adapt and use the sample questionnaire included in Appendix B.3a and Appendix 
B.3b to reflect the current selection criteria to achieve the goal and gather the decision-
makers’ responses. The results can be analysed using AHP software to generate the 
weighting and ranking of the criteria and the consistency ratio. 
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The first part of the questionnaire collects information about the decision-maker (such 
as name and job role) as this is important for analysing the results. The second part of 
the questionnaire asks the decision-maker to compare two criteria at a time (pair-wise 
comparisons) and state which criteria is more important in achieving the goal. Then the 
decision-maker states how important one criterion is over another using Saaty’s nine-
point scale. A fundamental but very rational assumption for comparing alternatives with 
the AHP is that if criteria A is absolutely more important than criteria B and is rated at 9, 
then B must be absolutely less important than A and is rated as 1/9. All criteria are 
compared similarly to complete the pair-wise comparisons. This provides the 
opportunity for each decision-maker to indicate the intensity for a specific pair of criteria 
in a user-friendly fashion. Fong and Choi (2000) explained that the pair-wise 
comparison enables the decision-maker to focus on two criteria at a time and the 
observation can be made free from extraneous influences. Ishizaka and Labib (2011) 
also agrees that such a method is more accurate, makes it easier to compare two 
criteria at a time rather than considering the entire set at once and allows for more 
consistency by cross checking between the pair-wise comparisons. The third part of 
the questionnaire identifies any important criteria that should be included in future AHP 
analysis. The participants should be reminded of the importance of consistency in all 
answers on the questionnaire. Finally, the analyst should examine the consistency ratio 
(CR) of the pair-wise comparisons for each decision-maker and the group of decision-
makers, which should be less than 10% to be acceptable (Saaty & Vargas, 2013).  
Table 6.2 shows a worked example using the AHP of two decision-makers (Participant 
1 and Participant 2) with three selection criteria: cost, time and risk. Although both 
participants have different weightings and rankings for the criteria, each has a 
consistency ratio (CR) less than 10%. Thus, the views of both participants can be 
considered in the selection process by using their combined weightings. 
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Criteria Participant 1 Participant 2 Combined 1 & 2 
Cost 8% 8% 8% 
Time 67% 76% 72% 
Risk 24% 16% 20% 
Consistency Ratio (CR) 8.1% 3.1% 5.2% 
Table 6.2: Example of AHP Analysis with two decision-makers 
6.4.7 Step 7: Evaluating the final set of IST alternatives 
Step 7 aims to score the IST alternatives. The analyst provides the participants with a 
scoring sheet (Appendix B.4). Every decision-maker then scores each alternative from 
Step 5, using the indicators from Step 4.    
The analyst first records the individual scores which help identify the preferences of the 
decision-makers. However, as this is a group decision-making the analyst should 
compile an average score which would be used as the ‘group average’ for the selection 
process. It is recommended that each criterion and the group average established are 
discussed with the participants, and could result in a new group average which would 
be used for the next step. 
6.4.8 Step 8: Overall analysis and ranking of IST alternatives 
Step 8 aims to evaluate the IST alternatives by multiplying the weightings from Step 6 
with the average score from Step 7, as illustrated in Table 6.3. 
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Clients/Developers Criteria Weighting 
(Step 6) 
Score 
(Step 7) 
Total 
(Step 6) x (Step 7) 
RC1 9 8.9 80.1 
RC2 23 7.6 174.8 
RC3 13 7.4 96.2 
RC4 47 6.5 305.5 
RC5 8 5.5 44 
Total 100  700.6 
Designers /Contractors Criteria  
 
 
CD1 13 7.8 101.4 
CD2 17 8.3 141.1 
CD3 35 4.6 161 
CD3 29 8.3 240.7 
CD4 6 8.6 51.6 
Total 100  695.8 
Table 6.3: Evaluating a single IST Alternative 
 
The final score for each category group is plotted on the DPM matrix against the X and 
Y-axes representing the Clients/Developers and Designers/Constructors criteria 
respectively (Figure 6.4). Alternatives positioned on the green cells satisfy the 
participants’ established criteria and are, therefore, highly attractive and should be 
explored further. The alternatives on the blue cells are of medium attractiveness to the 
participants as they only partially satisfy their criteria, while alternatives positioned on 
the pink cells do not satisfy the participants’ criteria and are unattractive. Therefore, the 
position of the IST alternatives can be used as the basis for an interactive discussion 
by the participants to determine the next steps, as illustrated in Figure 6.4.  
 196 
 
 
Figure 6.4: Example of DPM matrix for one IST alternative 
Step 7 will result in the strategic selection of potential ISTs. The selected ISTs should 
be explored further with clients and promoted within the company to be implemented in 
retail buildings. 
6.5 Summary 
The literature review (Chapter 3) and empirical studies (Chapter 5) identified the lack of 
a structured framework for the selection of ISTs for existing retail buildings. This 
chapter has presented and explained a novel Decision Support Framework to assist 
stakeholders in the retail construction industry select ISTs (Objective 5). The 
framework is based on the MCDA methodology and sustainable development, in which 
the technologies can be analysed, evaluated and compared based on the stakeholders’ 
objectives to select the optimal variant according to a set of criteria (Huang, Keisler & 
Linkov, 2011). The Decision Support Framework provides a holistic approach to the 
selection of ISTs based on stakeholders’ objectives and facilitates the decision-making 
process. The decisions are based on establishing criteria values, weighting the criteria 
and evaluating IST alternatives using stakeholders’ opinions. Adoption of the Decision 
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Support Framework could ultimately promote the uptake of ISTs in the retail 
construction industry, overcoming the barriers to the slow uptake of ISTs and crossing 
the chasm between the early adopters and major adopters. 
The developed Decision Support Framework will contribute to the body of knowledge in 
the area of decision-making systems for the selection of ISTs for existing retail 
buildings. It also provides a practical solution to the complex decision-making problem 
of selecting appropriate ISTs for existing retail buildings. 
The next chapter explains the validation results of the proposed Decision Support 
Framework. 
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  Chapter 7
Validation of the Decision Support 
Framework 
7.1 Introduction 
The need for a Decision Support Framework (DSF) to select ISTs was identified from 
both the wider retail construction industry and an in-depth organisational case study 
with a leading UK retail contractor in the industry (Section 5.3). The results revealed 
the lack of a system to select ISTs and aspirations for a structured, robust, transparent 
approach to support decision-makers in the selection process. A Decision Support 
Framework was developed within this thesis (Section 6.3); comprising three stages 
(Identification, Design and Choice) and eight steps (Section 6.4).  
Validation is a key part of the research; it increases confidence in the framework and 
makes it more valuable (Bryman, 2012). This chapter presents the validation results of 
the Decision Support Framework and fulfils the following objectives: 
Objective 6: To validate the Decision Support Framework in a real context, 
 both in terms of the data included and the decision methods used. 
Objective 7: To validate the Decision Support Framework with academic 
professionals from the wider construction industry in the UK and abroad. 
Firstly, this chapter provides some background information on the various techniques 
available to validate the Decision Support Framework and the rationale behind the 
adoption of the technique used. Secondly, the result of the application of the Decision 
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Support Framework to select ISTs within Company A is presented followed by the 
validation results from the wider construction industry.  
7.2 Validation Approach   
According to Sargent (1998), validation is not a single, fixed or universal concept but 
rather a contingent construct. It is the determination of the correctness of the final 
framework/system produced from a development project with respect to the user needs 
and requirements (Adrion et al., 1982). There are various validation techniques which 
can be used either subjectively or objectively (Bryman, 2012; Creswell, 2014; Gass, 
1983; Sargent, 1998). For instance: animation (a visual or graphical animation 
comparing the model’s operational behaviour with how the actual system behaves); 
internal validity (running several replications of the model to determine the amount of 
internal variability in the model); comparison to other models (the results are compared 
to other valid models); face validity (taking expert opinions); concurrent validity 
(employing a contemporary criterion to measure); predictive validity (using a future 
criterion to measure); sensitivity analysis (changing the values of the input and internal 
parameters of a model to determine the effect upon the model’s behaviour and its 
output); and convergent validity (measure gauged by comparing it to measures of the 
same concept developed through other methods). The main aim of any validation 
technique is to collect evidence regarding the credibility and applicability of the system 
by an independent, interested party (Creswell, 2014). 
The validation process for the Decision Support Framework (DSF) developed in this 
research consisted of two parts. Firstly, the DSF was validated by testing it within 
Company A. The aim was to assess the feasibility of the proposed Decision Support 
Framework in terms of its adequacy and clarity, and to ensure that the framework was 
reasonably robust and acceptable to users. The first validation involved an intuitive 
process and both internal and face validity using expert opinions were implemented 
(Bryman, 2012). This validation within Company A forms part of Phase 4 of the 
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research methodology (See Figure 4.1). Secondly, the DSF was validated by 
convergent validity (Bryman, 2012). This involved presenting the Decision Support 
Framework to construction professionals from the wider construction industry to ensure 
the framework was applicable to other constructional professionals and not limited to 
the organisational case study. This second validation forms part of Phase 5 of the 
overall research methodology (See Figure 4.1).  
As shown in Figure 7.1, both parts of the validation process (Phase 4 and Phase 5) 
consist on a combination of four different studies (Study 1, 2 3 and 4). They are 
described in detail in the following sections.   
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Figure 7.1: Validation process
Study 1
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7.3 Validation of DSF in a real context: Company A 
The first validation (Phase 4 of the overall research methodology) consisted of a Pilot 
Study to test the proposed Decision Support Framework for the selection of ISTs within 
a real context using Company A. First a trial study was carried out to test the Decision 
Support Framework within Company A (Study 1), followed by a feedback study (Study 
2). The Decision Support Framework was improved and tested again with Company A 
(Study 3) as shown in Figure 7.2. 
 
Figure 7.2: Pilot Study with Company A (Phase 4) 
The participants for the Pilot Study were selected from Company A using a snowball 
technique. This was a useful technique to draw on the knowledge of experienced staff. 
First, a few construction professionals from Company A involved in the design and 
construction of low carbon retail buildings were selected by the researcher, then the 
selected sample provided names of other participants to be included. A committee was 
formed consisting of senior management professionals from Company A involved in 
the design and construction of low carbon retail buildings. The members included: 
Managing Director Interiors & Retail; Business Unit Director; Business Manager; 
Supply Chain Manager; Sustainability Director; Marketing Manager; Principal Design 
Manager; Senior Design Manager; Design Manager; Commercial Manager; Estimator; 
and Building Service Manager. Also part of the committee were an academic 
practitioner and an academic professor who were both involved in the research, giving 
support to the main researcher, facilitating the process who was also playing the role of 
the analyst. Not all members of the committee participated in all the studies, but 90% 
were involved in all stages of the pilot study. The researcher clarified she was open to 
any degree of criticism or input from the testing groups regarding the pilot study. To this 
end, the experience and motivation of the researcher were discussed, and the group 
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was made to feel comfortable with providing objective critical feedback, free from any 
bias. Table 7.1 shows the list of the committee members from Company A.  
Level Job Role 
Group Level Supply Chain Manager (P1) 
Sustainability Director (P12) 
Subsidiary Level Managing Director Retail & Interiors (P2) 
Marketing Manager Retail (P3) 
Business Unit Director  (P4) 
Business Manager (P5) 
Project Level Building Service Manager (P6) 
Principal Design Manager (P7) 
Senior Design Manager (P8)  
Commercial Manager (P9) 
Design Manager (P10) 
Estimator (P11) 
External Consultants Academic Practitioner (P13) 
Academic Professor (P14) 
Researcher 
Table 7.1: Members of the Committee from Company A 
A mixed method approach was used and comprised of a series of focus groups and 
questionnaire surveys and conducted as three studies:  
Study 1: The aim was to trial the Decision Support Framework developed in 
Chapter 6 with Company A. The study consisted of three focus groups: (a) 
Identification Focus Group with Stakeholder Analysis questionnaire; (b) Design 
Focus Group; and (c) Green Dragons’ Den Focus Group-1 with AHP and scoring 
questionnaires. 
Study 2: The aim was to conduct a feedback study to improve and refine the DSF 
and criteria obtained in Study 1. Feedback questionnaires were used with the 
committee in Company A and also the IST suppliers from Study 1. 
Study 3: The aim was to test the improved DSF again with Company A.  
Study 1 and Study 3 were both conducted with members of the committee using the 
following steps: (1) Stakeholder Analysis to identify key stakeholders and decision- 
makers in the selection of IST; (2) Identifying and structuring the decision problem, 
 205 
 
global goal and objectives; (3) Identifying the selection criteria; (4) Defining indicators 
for the final set of criteria; (5) Identifying alternatives; (6) Ranking and weighting of the 
final set of selection criteria; (7) Evaluating the final IST alternatives; and (8) Overall 
analysis of the IST alternatives.  
The next section describes each study in detail, describing the methods and experts 
used, and presents, analyses and discusses the results.  
7.4 Study 1: Testing of the Decision Support 
Framework 
The aim of Study 1 was to trial the DSF. Table 7.2 shows the methods and sample size 
used to test the Decision Support Framework in Company A step by step. The next 
section describes each step in detail and the results. 
Stage Step Objectives Method Sample Size 
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Table 7.2: Steps of Decision Support Framework for Study 1 
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IDENTIFICATION STAGE 
7.4.1 Step 1: Stakeholder Analysis 
The first step of the Decision Support Framework was to conduct a stakeholder 
analysis to have a clear understanding of all the stakeholders involved in, or affected 
by, the decision by obtaining their input and value judgments to ensure the selection 
process followed a rational, fair and legitimate procedure (Eason et al., 2011; Merad et 
al., 2013).  
The stakeholder analysis was conducted using two techniques, as suggested by the 
Decision Support Framework presented in Section 6.4.1: (a) A brainstorming session 
within a focus group to identify all the stakeholders involved in the selection of ISTs and 
categorisation of them into stakeholder groups based on their disciplines; (b) A 
questionnaire survey to identify the key stakeholder groups in the selection process.  
A focus group called Identification Focus Group (IFG) was organised at the London 
office of Company A, involving ten members from the Committee, as shown in Table 
7.3. 
Level Job Role 
Group Level Supply Chain Manager (P1) 
Subsidiary Level Managing Director Retail & Interiors (P2) 
Marketing Manager Retail (P3) 
Business Unit Director  (P4) 
Business Manager (P5) 
Project Level Building Service Manager (P6) 
Principal Design Manager (P7) 
Senior Design Manager (P8)  
Commercial Manager (P9) 
Design Manager (P10) 
Table 7.3: Participants of the Identification Focus Group for Step 1 
This involved brainstorming and interactive discussions aimed at identifying all the 
stakeholders that could potentially affect or be affected by the selection of ISTs for 
retail buildings. The session was coordinated by the researcher, playing the role of the 
analyst. First, participants were asked to list the stakeholders involved in the selection 
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of ISTs on separate post-it notes individually. The following questions were provided by 
the analyst as prompts: 
1. Who are the stakeholders affected by the selection of ISTs? 
2. Who are the decision-makers in the selection of ISTs for retail buildings? 
3. Who are the potential beneficiaries of the selection of ISTs? 
4. Who might be adversely impacted by the selection of ISTs? 
5. What are the relationships between the stakeholders? 
Participants were given 10 minutes to write down their answers. Next, each participant 
read out the names of their potential stakeholder to the others and they were given the 
opportunity to add more names if they were not already mentioned by others. As a 
result of comparing all the answers, a list of 39 potential stakeholders was identified, as 
illustrated in Table 7.4. 
ARCHITECTS    
ARCHITECTURAL DESIGNERS 
BUILDING END-USER 
BUILDING OFFICER 
BUILDING OWNER 
BUILDING SERVICE ENGINEER 
CIVIL DESIGNERS 
CLIENT   
CONTRACTOR    
COST CONSULTANT   
CUSTOMERS            
DEVELOPER 
ELECTRICAL DESIGNERS 
ESTIMATOR  
EQUIPMENT SUPPLIERS 
FINANCIERS  
GENERAL PUBLIC 
INSTALLER     
INSURANCE AGENCY 
LAWYERS    
LOCAL COUNCIL  
MAINTENANCE CONTRACTORS     
MANUFACTURER 
MECHANICAL DESIGNERS 
OPERATIONS MANAGER 
PLANNING OFFICER     
PROJECT MANAGER 
REGULATORY BODIES  
SAFETY & QUALITY CONSULTANT   
SPECIALIST DESIGNERS 
STRUCTURAL DESIGNERS 
SUB-CONTRACTOR        
SUPPLIER  
SUPPLY CHAIN 
SURVEYOR   
SUSTAINABILITY OFFICER 
TENANTS     
TRADESMEN     
UK GOVERNMENT              
 
Table 7.4: Potential stakeholders identified 
After identifying all the potential stakeholders, the participants were asked to perform a 
free grouping task collaboratively to categorise the stakeholders into groups based on 
their discipline, with no constraint on the number or size of groups. This was done as 
part of an interactive group discussion for 25 minutes. As a result, the following five 
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groups were identified: Clients/Developers; UK Government/Statutory Bodies; 
Designers/Constructors; Manufacturers/Suppliers and Tenants/End-Users of the 
building, as illustrated in Table 7.5. 
Clients 
/Developers 
UK Government 
/Statutory Bodies 
Designers 
/Constructors 
Manufacturers 
/Suppliers 
Tenants 
/End-users 
Client 
Developer 
Building Owner 
Customer 
 
 
UK Government 
Planning Officer 
Building Officer 
Local Council 
Regulatory Bodies 
Financiers 
Safety & Quality 
Consultants 
Insurance Agency 
Lawyers 
 
Architect 
Architectural Designer 
Electrical Designer 
Civil Designer 
Structural Designer 
Mechanical Designer 
Specialist Designer 
Surveyor 
Estimator 
Cost Consultant 
Building Services Engineer 
Contractor 
Maintenance Contractors 
Project Manager 
Operations Manager 
Sustainability Officer 
Supply Chain Manager 
Supplier 
Manufacturer 
Installer 
Sub-Contractor 
Equipment Supplier 
Tradesmen 
General Public 
Tenants 
Building end-
user 
 
Table 7.5: Identified Stakeholder Groups from Brainstorming session 
The participants suggested that Designers/Constructors provided a strong link between 
the Manufacturers/Suppliers of IST and Clients/Developers demanding ISTs, and could 
play a key role in influencing the selection of ISTs due to this strategic position. 
Participant P7 explained that Designers/Constructors can make recommendations but 
the group needs to be convinced by the Manufacturers/Suppliers that the IST is worthy 
and the main option in the current market.  
After identifying the stakeholder groups, the stakeholder analysis assessed the level of 
influence and importance of these stakeholder groups on the selection of ISTs. 
According to DFID (2003), influence refers to the power that the stakeholders have 
over a project. This power may be formal, with a stakeholder having control over the 
decision-making process, or it can be informal, in the sense of hindering or facilitating 
the project’s implementation. The importance relates to how important the active 
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involvement of the stakeholder is to achievement of the project objectives. 
Stakeholders who are important are often stakeholders who will benefit from the project 
or whose objectives converge with the objectives of the project (ibid). Sometimes 
stakeholders who are very important might have very little influence and vice versa. 
There are several tools available in the literature, such as: the stakeholder matrix 
(plotted against two variables), star diagram, stakeholder influence map, and 
stakeholder-issue interrelation diagram and problem-frame stakeholder maps (Eason 
et al., 2011; Franco et al., 2010). The stakeholder matrix was used in this research to 
assess the influence and importance of each stakeholder group in relation to the 
selection of ISTs.  
To collect the information necessary to create the stakeholder matrix, an online 
questionnaire (Appendix B.2) was circulated to fourteen members of the committee. 
This was anonymous, but members had the option to voluntarily provide more details 
and their contact information. Thirteen completed responses were received, giving a 
response rate of 93%. The committee members were requested to rate the influence 
and importance of each of the stakeholder groups identified in the previous focus group 
The rating system was: significant, somewhat, little/none or unknown. Participants were 
also requested to list the key decision criteria used by each stakeholder group for the 
selection of ISTs. The results were first analysed on their level of influence, followed by 
their level of importance. Both levels were then transferred to the stakeholder matrix to 
identify the key stakeholders. 
7.4.1.1 Level of Influence 
Table 7.6 represents the responses to the level of influence of each of the identified 
stakeholder groups.  
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Stakeholder Group Unknown Little/No 
Influence 
Somewhat 
Influential 
Significant 
Influence 
Total 
Responses 
Client/Developers 0 0 3 10 13 
UK Government/Statutory 
Bodies 
0 2 5 6 13 
Designers/Constructors 0 0 12 1 13 
Tenants/End-Users 0 10 2 1 13 
Manufacturers/Suppliers 0 7 5 1 13 
Table 7.6: Responses to Level of Influence 
The results suggested that 77% of the respondents considered the Clients/Developers 
stakeholder group to have a significant influence on the selection of ISTs for retail 
buildings. 23% of the respondents identified the group as somewhat influential. The 
results also showed that 47% of the respondents considered the UK 
Government/Statutory bodies group to have significant influence, 38% identified the 
group as somewhat influential and 15% indicated these stakeholders had little or no 
influence in the selection of ISTs for retail buildings. 92% of the respondents agreed 
that Designers/Constructors were somewhat influential while 8% suggested they had 
significant influence. 8% of the respondents suggested Tenants/End-users had 
significant influence while 77% identified the group has little or no influence and 15% 
suggested the group were somewhat influential. The Manufacturers/Suppliers were 
identified by 54% respondents to have little or no influence, 58% identified the group 
were somewhat influential, while 8% suggested they had significant influence in the 
selection of ISTs for retail buildings. 
The results suggested that Clients/Developers, UK Government/Statutory Bodies and 
Designers/Constructors stakeholder groups were the more influential with 100%, 85% 
and 100% of the responses being significant influence, or somewhat influential 
respectively. 
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7.4.1.2 Level of Importance 
Similarly, Table 7.7 represents responses regarding the level of importance of each of 
the stakeholder groups.  
Stakeholder  
Group 
Unknown Little/No 
Importance 
Some 
Importance 
Significant 
Importance 
Total 
Responses 
Clients/ 
Developers 
0 0 4 9 13 
UK Government/ 
Statutory Bodies 
0 2 4 7 13 
Designers/ 
Constructors 
0 0 10 3 13 
Tenants/ End-
Users 
0 3 4 6 13 
Manufacturers/ 
Suppliers 
0 4 6 3 13 
Table 7.7: Responses to Level of Importance 
The results suggested that Clients/Developers have significant importance (69%) or 
some importance (31%) in the selection of ISTs. They were followed by 
Designers/Constructors with 23% significant importance and 77% some importance. 
The UK Government/Statutory Bodies group was highlighted to have 54% significant 
importance and 31% some importance, while 15% of participants highlighted the group 
had little or no importance. The results suggested a varying response on the influence 
of Tenants/End-Users group. 46% of the respondents suggested these stakeholders 
had significant importance, 31% some importance while 23% suggested they had little 
or no importance. Similarly, the Manufacturers/Suppliers group were rated as having 
significant importance (23%) or some importance (46%), while 31% of the responses 
suggested they had little or no importance.  
The results suggested that Clients/Developers and Designers/Constructors stakeholder 
groups were the more important in the selection of ISTs. 
7.4.1.3 Identification of key stakeholders in the selection of ISTs 
The information collected by means of the online questionnaire was then used to 
complete a stakeholder matrix in order to get a clear overview of the stakeholders and 
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their interests, influence and importance to the selection of ISTs for retail buildings 
(Figure 7.3). The stakeholder matrix consists of four cells (A, B, C and D). The left 
column of the matrix represents the stakeholders’ influence, whilst the top row of the 
matrix represents the importance of the stakeholder in the selection process.  
The different stakeholder groups assessed in the questionnaire are placed in one of the 
four cells of the matrix (A, B, C or D), which displays their relative influence and 
importance (Chinyio & Olomolaiye, 2010). 
1. Cell A: The stakeholders located in this cell are considered to be ‘key 
stakeholders’. They are of high priority with a high degree of influence on 
the selection of ISTs and are also of high importance for the successful 
selection of ISTs. This implies that the organisation implementing the 
decision-making process for the selection of ISTs will need to involve these 
stakeholders to ensure the selection of appropriate and suitable ISTs to 
deliver low carbon retail buildings.  
2. Cell B: Stakeholders located in this cell have high influence on the selection 
of ISTs and can therefore affect the selection process, but their interests are 
not necessarily aligned with the overall goals of the project. Such 
stakeholders may be a source of significant risk and will need careful 
monitoring and management to keep them satisfied.  
3. Cell C: These stakeholders are of high importance to the success of the 
project, but with low influence. It is important for the implementing 
organisation to keep such stakeholders happy and informed (Chinyio & 
Olomolaiye, 2010).  
4. Cell D: These stakeholders are of low priority as they have low influence on, 
or importance to, the project objectives and may require limited monitoring 
or evaluation.  
Figure 7.3 shows the results of the Stakeholder Analysis with Company A.  
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Figure 7.3: Stakeholder Analysis 
The result of the stakeholder matrix shows that Clients/Developers and 
Designers/Constructors are placed in cell A. These stakeholders have a high level of 
influence and importance and are considered the key decision-makers in the selection 
process and are therefore of the highest priority. Thus, their interests should be taken 
into consideration in the selection process.  
According to the results, the UK Government/Statutory Bodies were also located in cell 
A. The group has a great influence on all the other stakeholders (Clients/Developers, 
Designers/Constructors and Manufacturers/Suppliers) involved in the selection 
process, but they are not involved in the selection process. It is therefore important to 
keep the UK Government/Statutory bodies satisfied by complying with their rules and 
regulations, as they can influence the progress of the project and could be a potential 
risk. Therefore, this group was moved to cell B indicating they have a high level of 
influence but low level of importance in the selection process.  
Based on the majority of respondents, Manufacturers/Suppliers were placed in cell C. 
They appear to have high importance in the selection process as they can provide ISTs 
to deliver low carbon retail buildings. However, the results suggest that they have a low 
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influence. These might be justified by the fact that they are not included when the 
design specifications are finalised and as a result have low influence on the selection of 
ISTs. Key stakeholders such as the Clients/Developers, Designers/Constructors, are 
not always aware of the existence of the ISTs offered by the Manufacturers/Suppliers 
and tend to select tried and tested ISTs. In other cases, they might be aware of the 
existence of alternative ISTs but are reluctant to try them as they are not confident 
about the efficiency or effectiveness of the IST. For this reason, it is important to make 
key stakeholders aware of potential ISTs and involve the Manufacturers/Suppliers at 
the start of the project to present the benefits of ISTs and proof that they are more 
capable, efficient and cost-effective than the existing technologies used.  
Similarly, based on the majority of the respondents, Tenants/End-Users were also 
located in cell C. Results suggest they are considered of high importance in the 
selection of ISTs, as they would be using the building and responsible for the running 
costs. Thus, the selected ISTs are of high importance to these stakeholders. However, 
the Tenants/End-Users of the building are mostly unknown when the building is 
designed and constructed, and hence have a low influence in the selection process.  
Based on the results and selection criteria for each stakeholder group from the online 
questionnaire, the researcher mapped the influence and interests of the stakeholders in 
the selection process, as illustrated in Figure 7.4. 
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Figure 7.4: Influence and Interests of Stakeholders in the selection of ISTs 
At the end of Step 1, the main stakeholder groups in the selection of ISTs and their 
influence and interests were identified. The Clients/Developers and Designers/ 
Constructors were identified as the key stakeholders and therefore would be the focus 
of the remaining steps of the Decision Support Framework.   
DESIGN STAGE 
A second focus group called Design Focus Group (DFG), was organised for the design 
stage and involved the following three Steps of the Decision Support Framework 
developed in Chapter 6: Identify and structure the decision problem, global goal and 
objectives (Step 2); Identify the selection criteria (Step 3) and to define indicators for 
the final set of criteria (Step 4). The Design Focus Group (DFG) was organised by the 
analyst at the London office of Company A. Similar data collection protocols to those 
applied in the previous focus group were used and the session lasted for four hours. An 
email was sent to the committee requesting suggestions of professionals who had the 
relevant professional experience and could represent the key stakeholders 
(Clients/Developers and Designers/Constructors) identified in Step 1 to participate in 
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the DFG. Ten senior management professionals from Company A were selected from 
the group, subsidiary and project level to participate (as indicated in Table 7.8). The 
same focus group was also used in Steps 3 and 4 of the Decision Support Framework. 
Level Job Role Close working relationship with 
Group Level Supply Chain Manager (P1) UK Government, Designer/Constructor
Subsidiary Level Managing Director Retail & Interiors (P2) 
Marketing Manager Retail (P3) 
Business Unit Director  (P4) 
Business Manager (P5) 
Client/Designer/Constructor 
UK Government/Client
Client/Constructor
Client/Constructor
Project Level Building Service Manager (P6) 
Principal Design Manager (P7) 
Senior Design Manager (P8)  
Commercial Manager (P9) 
Design Manager (P10) 
Designer/Constructor 
Designer/Constructor 
Designer/Constructor 
Constructor 
Designer/Constructor 
Table 7.8: Participants of the Design Focus Group (DFG) for Step 2, 3 and 4 
7.4.2 Step 2: Identify and structure the decision problem, global 
goal and objectives 
Following the Decision Support Framework defined in Chapter 6, Step 2 aims at 
describing the decision-making context and process to identify and structure the 
decision problem, global goal and objectives.  
The focus group involved a brainstorming session aimed to reach a consensus in 
identifying the decision problem, global goal and objective(s) relevant to the selection 
of ISTs. The analyst started the brainstorming session by introducing the results from 
Phase 1 and 2 of this research methodology (Chapter 5) and literature review (Chapter 
2), which highlighted that there is a slow uptake of ISTs in the retail construction 
industry. The underlying problem for the slow uptake of ISTs was identified as the 
complex decision-making task of selecting appropriate ISTs. This issue was discussed 
with the participants in the focus group and there was agreement that the selection of 
ISTs is a big challenge that needs to be addressed. They also agreed that the adoption 
of implementation strategies to overcome the underlying problem that hinders the 
uptake of ISTs is necessary. The committee members participating in the focus group 
also expressed their concerns that although the company has a well-established supply 
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chain system that explores existing technologies. They do not currently have any 
framework for the selection of ISTs. Participants (P1, P2 & P3) discussed the lack of 
framework for selecting ISTs within Company A, which has prevented the company 
from exploring ISTs which could potentially provide distinct and sustainable competitive 
advantages for the business, leading to more efficient processes, improvements in 
productivity, lower costs of compliance and new market opportunities. The participants 
agreed to focus the decision problem on the complex process of selecting appropriate 
ISTs.  
Based on this, the global goal was established by the participants as the ‘selection of 
appropriate ISTs to achieve low carbon retail buildings’. As the goal was very broad, it 
was necessary to establish a boundary and develop specific objectives. The following 
four questions were provided as prompts for the participants to address in an open 
discussion. 
1. On which sector of the UK retail industry would you prefer to focus? The 
researcher (analyst) explained the UK retail industry is generally split into three 
areas: the hard goods industry (appliances, electronics and furniture), the soft 
goods industry (clothing, apparel and other fabrics) and the food industry. The 
participants discussed their past and present projects within Company A and 
decided their major work is with the food industry and in particular the UK 
supermarket, superstore and hypermarket sector. Therefore, it was agreed the 
study would focus on this specific area of the industry. 
2. Is there a preferred focus on new build retail buildings or existing retail 
buildings? The participants mentioned there has been much recent focus on 
measures to reduce the energy use and emissions from new retail buildings 
(such as M&S learning store in Sheffield), but the existing stock remains largely 
untouched. Company A was involved in 95% refurbishment and or retrofit retail 
projects and only 5% were new build projects; this translates to a ratio of 19:1.  
Based on the discussions, the participants agreed that majority of their projects 
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focussed on existing retail buildings. Also, according to the literature review, it is 
estimated that by 2050 around 70% of the 2010 building stock will still be in use 
(DECC, 2012; HM Government, 2013). Thus, the use of ISTs for 
refurbishment/retrofitting existing retail buildings could provide huge potential 
for the business and also satisfy clients’ demands. 
3. What would the company expect to achieve by using ISTs on its projects? 
The researcher presented the potential benefits of the use of ISTs previously 
identified in the literature review (Chapter 2) to the focus group. These included 
the use of ISTs to improve building performance, optimising the process to 
deliver low carbon retail buildings, faster build times, waste reduction, reducing 
carbon emissions, employment of local labour force, improved comfort and 
health and compliance with rising environmental standards. The participants 
were asked to choose the benefits they would like to capitalise on, keeping in 
mind the business strategy of Company A. During the discussion, the 
committee members explained that energy costs are typically the second 
highest operating expense for their retail clients and there is an urgent need to 
reduce the carbon emissions to achieve the UK Government targets. Based on 
information from the company’s retail client they added that a 10% decrease in 
energy costs had an impact on operating income equivalent to a 1.26% 
increase in sales for the average retail store. The participants in an open 
discussion agreed they would prefer to focus on ISTs that can optimise 
process, energy and carbon efficiency for existing retail buildings.  
4. Does the company aspire to be amongst the innovators, early adopters, 
early majority, late majority or laggard in the adoption life cycle of ISTs? 
The researcher explained the technology adoption life cycle model to the 
participants, which consisted of innovators who are the first group of people 
(risk-takers) to use a new product, followed by early adopters, early majority, 
late majority, and finally the laggards, who are the last to adopt (See Section 
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2.5.2 for further information). The participants suggested the company would 
aspire to be among the early adopters and early majority, and act as an 
innovation broker promoting the uptake of ISTs in the retail construction 
industry, which would ultimately lead to profitable outcomes, competitive 
advantage and also make significant contributions to the performance and 
efficiency of the business (Tan, Shen & Yao, 2011b).  
At the end of open discussion, it was concluded that a Decision Support Framework to 
select ISTs was needed, as this should allow Company A to select the most 
appropriate ISTs for existing retail buildings to; (a) reduce energy use (b) reduce 
carbon emissions and (c) optimise the process of delivering low carbon retail buildings, 
with particular focus on those serving the food industry. 
A summary of the goal and objectives hierarchy is illustrated in Figure 7.5. Those 
selected by the focus group participants are coloured. 
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Figure 7.5: Decision problem structured into a hierarchy 
7.4.3 Step 3: Identify selection criteria  
An in-depth understanding of the selection criteria for each stakeholder group is critical 
to appropriately assess the different IST alternatives (Turcksin et al., 2011). This step 
Key Stakeholder 
Groups from Step 1 
Designers/ 
Constructors 
Clients/Developers
  
OVERALL GOAL: 
To select ISTs for 
Retail  Buildings 
Retail Buildings 
New Build: 
Retail Buildings 
Existing Retail 
Buildings 
Retail Sector 
Hard Goods 
Industry 
Food Industry 
Hypermarkets 
Superstore 
Supermarkets Soft Goods Industry 
Function of IST 
Waste reduction 
Reduce energy use 
Reduce Carbon 
emissions 
Optimise process 
Improving comfort & 
well being 
Type of IST 
Innovators 
Early Adopters 
Early Majority 
Late Majority 
Laggards 
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was to identify the main selection criteria relevant for the key stakeholder groups 
identified in Step 1 (Clients/Developers and Designers/Constructors). These criteria 
form the basis of evaluating the IST alternatives to deliver low carbon retail buildings. 
Following Keeney’s concept of decision framing (Section 6.4.3), the top-down method 
was used to identify the criteria based on the overall goal and objectives defined in 
Step 2 (See Figure 7.4). Three set of criteria were established: Initial Set of Criteria, 
Potential Set of Criteria and Final Set of Criteria. 
An initial definition of criteria was completed by the researcher (analyst) based on 
previous discussions with the focus group (Initial set of criteria) and literature review 
(potential set of criteria). This was followed by a multi-actor multiple criteria analysis 
method applied during the focus group session. This Step 3 was undertaken in the 
same Design Focus Group (DFG) as Step 2 (See list of participants in Table 7.8). 
7.4.3.1 Initial Set of Criteria 
The analyst defined these criteria based on the overall objectives set in Step 2 as 
illustrated, in Table 7.9. 
Initial Set of Criteria Reason 
Refurbishment and 
retrofitting of retail 
buildings  
The ratio of new build to refurbishment and retrofit projects for Company A was 19:1.  
Also, based on literature review, there has been much recent focus on measures to 
reduce the emissions from new retail buildings and the existing stock remains largely 
untouched. It is estimated that by 2050 around 70% of the 2010 building stock will still 
be in use;  it is very clear that low carbon retrofit would have a huge role to play in 
achieving carbon emission targets (Carbon Trust, 2009; HM Government, 2013).  
ISTs to focus on 
optimising process, 
energy and carbon 
efficiency for retail 
buildings 
Company A is keen to explore ISTs to deliver low carbon retail buildings. i.e. ISTs that 
can optimise the process of delivering low carbon retail buildings, improving the energy 
use and reducing the carbon emissions.  
Carbon emissions from energy use in non-domestic buildings account for around 18% 
of total emissions in the UK of which 18% is from retail (Carbon Trust, 2009). 
Significant cuts in emissions is essential as part of the UK’s commitment to reduce 
carbon emissions by at least 80% by 2050. 
Early adopter and early 
majority technologies to 
be explored 
Exploring early adopter and early majority technologies is an opportunity for Company 
A to act as an innovation broker, which can lead to profitable outcomes, making 
significant contributions to the performance and efficiency of the business.  
Table 7.9: Initial Set of Criteria 
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7.4.3.2 Potential Set of Criteria 
A review of the literature on the criteria for selecting ISTs was undertaken; the 
researcher concluded that there was no comprehensive list of selection criteria 
specifically for the selection of ISTs for existing retail buildings. Therefore, a potential 
set of criteria applicable for the selection of ISTs for existing retail buildings was 
established based on existing literature review and combined with the concerns and 
requirements of project stakeholders. Table 7.10 illustrates the set of potential criteria 
grouped into five categories: socio-cultural, technological, economic, environmental 
and political (STEEP).  
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Main Category Criteria Sub-Criteria References 
Socio-Cultural Social issues 
  
Social participation 
Social disturbance 
Social Image 
Aesthetics 
Environmental beautification 
User productivity 
Impact on end-users/occupants 
Clients’ needs 
Occupant comfort satisfaction 
(Ashby et al., 2013; AUDE, 
2008; Hasan, 2009; Iwaro et 
al., 2014; Zabihi et al., 2013). 
 
 
 
Health and 
Safety 
Workers' health and safety 
Quality  
Health and Safety of End-users 
(Chen, Okudan & Riley, 2010; 
Udeaja, 2002; Yang & 
Ogunkah, 2013; Zabihi, Habib 
& Mirsaeedie, 2013). 
Design and 
architecture 
issues  
Individualisation and social identity 
Physical space and performance 
Aesthetics and architectural issues 
(Zabihi, Habib & Mirsaeedie, 
2013) 
Technical Buildability Position of the technology in  life-cycle 
Ease and Speed of Method fixing 
Ease to Remove/Re-Affix/Replace 
Construction time 
Lead-times 
Constructability (build ability) 
Production Capacity 
Speed of construction 
Ease of constructability 
Flexibility (adaptability) 
Availability of the Technical Skills 
Durability 
Site disruption 
Ability to result in technical Know-How 
Previous performance 
Technical Ability 
Certainty of delivery 
Adaptability 
(AUDE, 2008; Chen, Okudan & 
Riley, 2010; Davoudpour, 
Rezaee & Ashrafi, 2012; 
Hasan, 2009; Iwaro et al., 
2014; Udeaja, 2002; Yang & 
Ogunkah, 2013; Zabihi, Habib 
& Mirsaeedie, 2013). 
 
 
  
 224 
 
Main Category Criteria Sub-Criteria References 
Economical 
 
Cost Pre-construction cost 
Construction cost 
Operating cost 
Maintenance cost 
Replacement cost 
Residual cost 
Disposal costs 
Price 
Material Embodied Energy Cost 
Material costs 
Labour costs 
Installation Cost 
Total Life Cycle Cost 
The speed of return on investment 
Capital/Initial Cost 
Whole life cost 
Financial Standing 
(Akadiri, Olomolaiye & Chinyio, 
2013; Chen, Okudan & Riley, 
2010; Hasan, 2009; Iwaro et 
al., 2014; Spiegel et al., 2010; 
Udeaja, 2002; Yang & 
Ogunkah, 2013). 
 
 
Business effect 
 
Potential return on investment 
Effect on existing market share 
New market potential 
The potential size of market 
Timing for technology 
Span of applications opened by 
technology 
Alignment with organisation objective &  
capability 
Potential of commercialisation 
Competitive situation in market 
Threat of substitution technologies 
Type of work 
Size of work 
(Davoudpour, Rezaee & 
Ashrafi, 2012; Lim, Schultmann 
& Ofori, 2010; Porter, 2008; 
Udeaja, 2002).  
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Main Category Criteria Sub-Criteria References 
Environmental Energy  
 
 
Embodied energy 
Energy saving potential 
Impact on environmental factors  & 
energy Consumption improvement 
Energy efficiency in building use (thermal 
mass) 
Energy consumption in production & 
execution stage 
Energy consumption during building life 
Energy consumption in design & 
construction 
Environmental Awareness 
Environmental Impact 
(Akadiri, Olomolaiye & Chinyio, 
2013; Chen, Okudan & Riley, 
2010; Davoudpour, Rezaee & 
Ashrafi, 2012; Hasan, 2009; 
Iwaro et al., 2014; Spiegel & 
Meadows, 2010; Udeaja, 2002; 
Zabihi, Habib & Mirsaeedie, 
2013). 
  
 Carbon 
Emissions 
Material Emission 
Level of Carbon Emissions 
Ozone depletion potential 
(Iwaro et al., 2014; Spiegel & 
Meadows, 2010; Yang & 
Ogunkah, 2013). 
Political  Regulatory Environmental statutory compliance 
Regulation compliance 
Construction quality 
(Akadiri, Olomolaiye & Chinyio, 
2013; Iwaro et al., 2014; 
Udeaja, 2002; Yang & 
Ogunkah, 2013).  
Table 7.10: Potential Set of Criteria for the selection of ISTs for retail buildings 
7.4.3.3 Final Set of Criteria 
The final set of criteria were established for the two key stakeholder groups identified in 
Step 1 (Clients/Developers and Designers/Constructors) using the multi-actor multiple 
criteria analysis (MAMCA). The participants were split into two groups representing the 
two key stakeholder groups, with senior management professionals who had a client-
facing role representing the Clients/Developers (Table 7.8). First, the potential set of 
criteria established from literature review (Table 7.10) was presented and explained to 
all the participants, who had an opportunity to add, remove or refine the criteria. Some 
participants provided more criteria or sub criteria for consideration, while some 
suggested minor modifications to the criteria. Each group was then requested to select 
a maximum of seven criteria which would be used to compare alternative ISTs.  
Based on the discussion and agreement of the participants, a set of both qualitative 
and quantitative key criteria currently used by Clients/Developers and 
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Designers/Constructors in the selection of ISTs was established (Figure 7.6). The final 
set of criteria represent the objectives of the key stakeholders in the selection process. 
 
Figure 7.6: Final set of selection criteria established for key stakeholders 
The established final set of criteria is consistent with those identified from the literature 
review with a focus on existing retail buildings. The criteria are of prime importance as 
they will enable alternatives to be compared from a specific point of view. The selected 
criteria reflect the characteristics of ISTs (systematic) and cover all aspects of the 
problem considered while still being concise and operational (completeness). They are 
linked to the fundamental goals/values of the stakeholders (consistent) and form a 
practical set of criteria for the purposes of the decision to be assessed (practical). Each 
criterion is independent with no two criteria overlapping to reflect the same 
(independent) with a clear understanding of each criterion in order to compare and 
contrast different ISTs (understandable). The criteria are flexible, multipurpose and 
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generic in nature to be usable on different retail buildings (adaptable) and they can be 
expressed on either a quantitative or qualitative scale (measurable). 
The established selection criteria were discussed with the group and are explained in 
the next section.  
Clients’/Developers’ Selection Criteria 
Five broad criteria currently used by Clients/Developers in the selection of ISTs were 
established and are explained below.  
1. Proven success of technology (Proven Success):  
The proven success of an IST was an important consideration in the selection 
process. Participants described the decision-making for selecting ISTs as 
somewhat confusing, counterintuitive and complex. For example, Company A 
explored a number of ISTs and recommended the most favourable to the client, but 
the technologies were rejected by the client on the basis that they wanted ‘tried and 
trusted’ technologies that they were comfortable with. During the focus group, 
Participant P2 mentioned their clients can be classified generally as leaders, 
average or laggards, depending on the clients’ strategy to achieve low carbon retail 
buildings. However, Participant P4 mentions the majority of their clients are either 
average or laggards. All the other participants were in agreement and explained 
that such clients have a preference for tried and tested technologies with evidence 
of proven success in reducing energy use, carbon emissions and optimising the 
process of delivering low carbon retail buildings. The clients in these groups are 
reluctant to trial ISTs due to the newness, complexity and lack of proven success. 
However, they would consider selecting an IST if it had been used by other 
retailers, piloted by organisations, such as Building Research 
Establishment/Carbon Trust, or used on other building types (schools, offices, 
houses). The fact that it has been tried and tested raises confidence in selecting 
such ISTs. One of the participants (P5) mentioned one of their clients had shown 
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an interest in adopting ISTs with no evidence of proven success, and are keen to 
trial such technologies either in a store or laboratory (depending on the type of IST) 
to provide reductions in energy and carbon emissions for existing retail buildings. 
Participant (P5) further explained that such clients design and construct sustainable 
retail buildings, invest in sustainable innovations, technologies, processes and 
systems, and if successful, embed them in the specifications for future stores.   
2. Time and ease of installing an IST (Time):  
The time and ease of installing an IST was a major concern to the participants. 
They agreed that refurbishing and retrofitting existing buildings can improve energy 
efficiency and environmental performance of retail buildings and will be a crucial 
step toward tackling climate change. However, their major concern was that an 
existing store would have to be either vacated or partially closed as it is 
refurbished/retrofitted and this will have an impact on store trading and sales. 
Participant P4 mentioned that the closure of a retail store (such as grocery) even 
for a day can be a great loss to the owner, with busier stores losing up to £500,000 
in sales. The use of technologies which require extended periods of store closure 
was therefore considered challenging. Hence, Clients/Developers prefer to install 
those ISTs which would have the least impact on occupiers and involve little or no 
disruption to store trading. Participant P7 explained that the use of off-site 
technologies by their client had provided faster construction times, less waste, less 
noise and disruption to occupiers, and lower site accident rates as well as improved 
health and safety. There was a preference for such technologies that can optimise 
the process of delivering low carbon retail buildings. 
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3. Cost of the IST (Cost):  
The cost of the technology was one of the major barriers expressed by the 
participants, due to higher upfront cost and perceived lack of financial benefits and 
incentives for stakeholders. The participants mentioned that many ISTs do not yet 
offer an acceptable payback period for clients, which is critical to the environmental 
performance and energy efficiency of retail buildings. Participants P6 and P7 
mentioned their clients had a preference for ISTs that have a payback of 2-5 years, 
due to the frequency with which a retail store needs to be refurbished, rather than 
the average 8-10 years for most technologies. Participant P2 mentioned most of 
their clients (leaders, average or laggards) seem to have their own method of 
calculating the payback of the technology to determine how long it will take to break 
even on the investment and the savings in energy and carbon emissions. This was 
confirmed by other participants; Participant P5 mentioned their client has well-
established systems and processes for this, while Participant P4 mentioned their 
clients (who can be classified as the average and laggards) used a simple payback 
method of dividing the incremental cost by the net annual operational savings 
(energy savings and maintenance impact).  
The groups agreed that an acceptable payback of 2-5 years is considered by 
clients in the selection of ISTs for retail buildings. It is therefore important to ensure 
the payback of the ISTs is within the acceptable range and satisfies the clients’ 
requirements. 
4. Environmental sustainability (Sustainability):  
Environmental sustainability was high on the agenda for many of the participants. 
This was considered to be important for two reasons, as explained by participant 
P3. Firstly, environmental sustainability appears to be an ‘opportunity space’ that is 
opening up and becoming more important for clients and, secondly, it may quickly 
become a basic requirement of the construction industry, in which they need to 
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excel to compete. Environmental sustainability was therefore considered both a 
threat and an opportunity by participants. Although sustainability is important to 
clients, the participants mentioned clients prefer a package of carbon, energy and 
footfall/profit measures to justify the refurbishment/retrofit of an existing retail 
building. For instance, ISTs provided reductions in energy and carbon emissions for 
clients, but clients also expected the refurbishment process to be fast and keep 
disruption and lost trading hours to a minimum. Participant P8 mentioned that 
retailers/developers are looking for facts and figures on the sustainability of the 
ISTs and explained the difficulty in proving the environmental savings before they 
can be implemented. The analyst suggested using data provided by reliable 
sources, such as BRE testing, accreditations by well-known organisations, or data 
from a pilot study, all of which could increase the confidence of the client when 
selecting such technologies. 
5. Impact of IST on customers (Risks):  
During the focus group, the participants discussed how the use of ISTs affects end-
users of the buildings, such as customers. Participant P3 mentioned that 
Clients/Developers are developing a greater understanding of their customers to 
enhance customer satisfaction and retail performance. They are mindful of the 
impact a technology would have on their customers, as this could either increase or 
reduce their sales and profits. According to Participant P4, some 
Clients/Developers would not install a sustainable technology, no matter how 
energy efficient it might be, if it could have a negative impact on customers. For 
instance, in grocery and convenience stores, refrigerators and freezers make up a 
significant portion of total energy use, with the selection of freezing and 
refrigeration systems playing an important role in energy efficiency (Evans et al., 
2007), and the extent to which such technologies are positively perceived by 
customers most probably hinges around functionality. A report from Consumer 
Focus recommended that supermarkets should achieve efficiency savings by 
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putting doors on all freezer units and explore and progress consumer acceptance 
to doors on chillers (Allder et al., 2009). However, some retailers are still not 
making use of such technologies, as customers do not like the idea of doors on 
fridge-freezers. Therefore, all the participants agreed that the positive or negative 
impact of the technology on customers should be a key factor in the selection of 
ISTs.       
Designers’/Constructors’ Selection Criteria 
In a similar way, five broad criteria currently used by Designers/Constructors in the 
selection of ISTs were established and are explained below. These criteria represent 
the company's technological competitiveness criteria. They are under the firm's control 
and depend on the firm's behaviour and decisions (Jolly, 2012).  
1. Repeat Business:  
During the focus groups, participants (P2, P4 & P5) explained that the company 
strategy was to aim for low value, high volume retail projects. Participant P2 
explained that Clients/Developers are improving the energy efficiency of their 
buildings gradually by focussing on one element at a time. For example, the 
replacement of existing lighting with innovative solutions, that could reduce energy 
use and carbon emissions across all the Client’s stores. Participant P4 explained 
that the IST replacement in one store is a low value project, but could result in 
business profits for the company when the technology is rolled out in high volumes 
across a number of stores for a client. Therefore, all the participants agreed that 
ISTs that can be rolled out in a number of stores should be explored; this is in line 
with the company's objective of targeting low value, high volume jobs. 
2. Differentiation:  
Participants explained that the use of ISTs can provide multiple benefits for retail 
buildings: environmental, through reductions in energy use and carbon emissions 
for buildings; economic, through reduced operating costs and increased profits; and 
 232 
 
social by improving overall quality of life and enhanced occupant comfort and 
health. The participants were in agreement that there is a preference for tried and 
tested technologies rather than ISTs which are uncertain and risky. However, 
Participant P3 emphasised that ISTs could provide distinct and sustainable 
competitive advantages for businesses, such as the benefits listed above. 
Therefore, the focus group participants agreed that ISTs that could differentiate the 
company from its competitors and also provide a source of competitive advantage 
should be explored. 
3. Transferability:  
Company A is involved in the design and construction of different building types, 
such as houses, schools, sports centres, retail, offices and so on. The study aims to 
explore ISTs with a focus on retail buildings. However, as the company is involved 
in other building types, the participants suggested that transferability of the IST to 
other building types and projects undertaken by the business should also be 
considered. 
4. Margin Opportunity:  
The margin opportunity is the profit a business makes and most companies aim for 
projects that can provide high margin profits. Company A viewed the margin 
opportunity from a different perspective. Participant P3 mentioned that even though 
the margin opportunity might be low for a given IST, profit can be generated if it is 
commercialised on a large scale. Participant P2 agreed that this was in line with 
their low value, high volume job strategy. Participant P1 explained that the margin 
opportunity for using an IST on one project could be £10,000 (low margin 
opportunity) but when the IST is rolled out on ten stores of a client it could result in 
a margin opportunity of £100,000. On the other hand, the margin opportunity could 
be high but may not have the potential to be used for other projects. Therefore, the 
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participants agreed they would take a strategic view of the margin opportunity, 
assessing it across multiple projects rather than for a single project. 
5. Investment Costs: 
Some IST suppliers have potential technologies that can provide environmental 
and economic savings for retail buildings. However, due to their small scale they 
might not have the capability to produce these on a large scale. The participants 
discussed and agreed that the company would be potentially willing to support 
small scale suppliers of ISTs by investing in their business or developing joint 
venture agreements.  
Step 3 of the Decision Support Framework identified the initial, potential and final set of 
criteria, primarily based on the identified key stakeholders’ objectives (from Step 1). 
The Clients’/Developers’ key selection criteria were cost, risks, time, proven success 
and sustainability of ISTs. While the Designers’/Constructors’ criteria were repeat 
business, transferability to other building types, margin opportunities, investment costs 
and differentiation. The final sets of criteria were approved by the participants to reflect 
current objectives for use in the next step. 
7.4.4 Step 4: Defining indicators for the final set of criteria 
In this step, the previously identified final set of criteria were ‘operationalised’ by 
constructing indicators that would be used to measure whether, or to what extent, an 
alternative contributes to each individual criterion (Turcksin et al., 2011). A scoring logic 
of 1–10 and indicators for each criterion were agreed by the participants for the clients’ 
selection criteria (Table 7.11) and designers’/constructors’ criteria (Table 7.12). 
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Score Time 
Cost 
(Payback) 
Proven Success Risks Sustainability 
10 
No 
disturbance to 
store trading 
1 Year 
Roll out by 
retailers 
Impact leading 
to higher sales 
Outstanding 
9 
 
2 Years 
   
8 
 
3 Years 
   
7 
 
4 Years 
   
6 
 
5 Years 
   
5 
Partial closure  
of store 
6 Years 
Trialled on pilot 
schemes 
No Impact on 
customer/sales 
Above and Beyond 
Building regulations 
4 
 
7 Years 
   
3 
 
8 Years 
   
2 
 
9 Years 
   
1 
Complete 
closure of 
store 
10 Years 
Tested by 
accredited 
organisations like 
BRE, Carbon 
Trust 
Impact on 
customers 
leading to lower 
sales 
Complies with 
Building regulations 
Table 7.11: Indicators for Clients’/Developers’ Selection Criteria 
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Score  Differentiation 
Margin 
Opportunity 
Investment 
Costs 
Repeat Business Transferability 
10 
No other 
designers/ 
constructors 
offering IST and it 
is hard for them to 
copy 
Net margin of 
>10% 
No investment 
needed but 
willing to partner 
with the 
company 
Roll out opportunity 
All sectors and 
building types 
9 
 
    
8 
 
    
7 
 
    
6 
 
    
5 
 
 
Joint Venture/ 
Strategic 
Alliance with 
small 
investment 
needed 
Only certain 
building types/sizes 
 
4 
 
    
3 
 
    
2 
 
    
1 
Very easily 
replicated 
Net Margin of 
< 1% 
Full investment 
and resources 
needed 
One building 
type/size only 
Retail Only 
Table 7.12: Indicators for Designers’/Constructors’ Selection Criteria 
 
7.4.5 Step 5: Identifying IST alternatives 
Simon’s rational actor model was adapted for this step (Section 6.4.5) to filter out 
extraneous ISTs to be considered at one time and focus on important and appropriate 
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ISTs. The alternatives were identified in three stages: pruning, screening and selection. 
The aim was to eliminate inappropriate IST alternatives and present suitable ISTs that 
would satisfy the decision problem and objectives of the participants. The first two 
stages were undertaken by the researcher (analyst) and the third was completed with 
members of the committee. 
During the first stage (pruning), the researcher (analyst) conducted a desktop study 
and approximately twenty-five potential ISTs were initially identified from sources, such 
as, construction magazines, trade fairs and reliable databases. As part of the screening 
stage, the suppliers of these pre-selected ISTs were first contacted by email, which 
was followed by a phone call with the supplier in the form of a semi-structured 
interview. The following questions were asked by the researcher to determine if the IST 
was appropriate to the decision problem and initial set of criteria established in Step 2. 
1. Is the technology appropriate for existing retail buildings?  
2. Can the technology reduce energy use and carbon emissions for existing retail 
buildings and improve the process of delivering low carbon retail buildings? 
During this stage the analyst pruned alternative ISTs using a Yes/No gateway and 
several inappropriate ISTs were eliminated. For example, some technologies could 
provide reductions in energy use and carbon emissions but were solely for new 
buildings or specific building types but not retail. The screening stage resulted in the 
selection of 25 ISTs to be investigated further. Table 7.13 shows the pruned and 
screened ISTs.  
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Stage Stage 1 (Pruning) Stage 2 (Screening) Stage 3 (Selection) 
Method Desktop Study & Semi-structured 
Interview (Phone) 
Semi-structured Interview (face-
to-face) 
 
 
 
 
 
 
 
Workshop using 
Decision Support 
Framework  
ISTs Geneco 
Enviropark 
Ecobuilding board 
Breathing buildings 
Solaveil 
IOBAC 
Carbon8 Systems 
Novacem 
Kingspan 
Racus Ceiling Tile 
Energyflo Dynamic Insulation 
Spiralite 
Sundog 
Modcell 
Natural building technologies 
IVERIDIS 
Solar sandwich 
Carrier 
Astins Doors 
Laser technology for retrofit 
Oregon timber insulated panels 
Supafil CarbonPlus  
Solar slate 
Kinetic Floor 
Versa Flex Systems 
Breathing buildings 
Solaveil 
IOBAC 
Astins Doors 
EnergyFlo Dynamic Insulation 
Spiralite 
 
Table 7.13: Process of Identifying IST alternatives 
The second stage of screening the pre-selected ISTs was conducted by the analyst. 
Semi-structured face-to-face interviews were conducted with each of the selected 
suppliers, which lasted about an hour. The aim was to find out more about the 
technology and how it could satisfy the established final selection criteria (identified in 
Step 3). Each of the established criteria was discussed in detail with the suppliers. 
These included: time, cost, risks, sustainability, proven success, differentiation, 
investment costs, margin opportunity, transferability and repeat business. Based on 
discussions with the suppliers, a further 19 ISTs were screened out. For example, 
some technologies were eliminated due to the payback period of 10-15 years, as 
retailers prefer a payback of 2-5 years due to the rate by which retail buildings have to 
be refurbished and refreshed. The screening stage resulted in the selection of the 
following six ISTs: 
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1. Spiralite Insulated Ducts 
These are pre-insulated non-metal ducting using high-quality, rigid, phenolic-foam 
insulation panels. The pre-insulated ductwork system is considerably lighter (up to 
86% than steel ducting with insulation) and easier to transport, store and install 
than traditional ducting. It is safer and easier to work with, repair and add additional 
ducting. The installation is a single process (quicker and easier with no separate 
lagging) and more flexible and versatile (changes can be made on site). Once 
installed, it provides significant energy savings through its thermal efficiency and air 
tightness. It also has significant cost benefits over traditional steel ducting (square, 
flat oval and spiral), both initially and across its life. It is aesthetically better and 
easier to clean and maintain than standard ducting. It also provides maximum 
credits under the BREEAM rating system. Its use significantly lowers the weight of 
the system and its energy consumption, due to increased airflow efficiencies from 
the rounded shapes, negligible leakages due to the continuous vapour-proof inner 
lining and the superior thermal qualities of the insulation. Thereby, the carbon 
footprint of a building is reduced, with the energy and other cost savings that this 
brings, which is becoming increasingly important in the construction process and 
the Carbon Reduction Commitment (CRC) compliance requirements.  
2. Solaveil Daylight Solutions 
SolaVeil Daylight Solutions enable buildings to maximise the use of natural 
daylight, whilst reducing energy consumption and carbon emissions. It is a hi-tech 
material applied to glazing that stabilises and reduces solar energy transmission 
through the building fabric, air conditioning needs and related energy costs. 
SolaVeil can be easily installed with minimal disruption as a retrofit solution directly 
to single or double glazed window units or to a new glass surface. The solution can 
be customised and adapted in composition and design to meet the specific 
requirements of a building. 
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3. IOBAC Magnetic Flooring 
IOBAC is a revolutionary flooring system that offers a fast, efficient and sustainable 
way to install flooring. Using magnetised tiles on an IOBAC paramagnetic floor, 
entire floors can be installed quickly and efficiently whilst ensuring that nothing 
goes to landfill. Working in much the same way as a fridge magnet, the IOBAC 
system securely holds the chosen flooring in place, so no slipping or movement of 
the tiles or planks will occur. As there is no glue adhesive required on the subfloor 
whatsoever, the flooring can be uplifted, replaced or even reused time after time. 
This means complete adaptability, particularly within retail premises where 
schemes can change frequently with the season or in-line with new promotions. A 
flooring system that combines innovation with tangible benefits, IOBAC magnetised 
flooring technology is an ideal solution for retail refurbishment or new build projects 
where adaptability and accountability are key. It is a fast, efficient and sustainable 
way to install a new floor or replace an existing one.  
4. EnergyFlo Dynamic Insulation 
Energyflo Dynamic Insulation is a technology whereby air is moved through 
purpose-built channels in building fabric to capture or harness energy from 
conductive losses from the building fabric and solar gain. The technology reduces 
energy consumption associated with both heating and cooling demand in all types 
of buildings. In particular, commercial buildings with large internal heat gains from 
occupation and equipment are ideally suited to the benefits delivered by the 
technology. The technology can be applied to walls and roof fabric and EnergyFlo 
has licensed the dynamic insulation technology to Speeddeck who have developed 
a dynamically insulated standing seam roof, and Jablite who now market a portfolio 
of dynamic wall-insulation products. The performance of the Speeddeck roof design 
has been evaluated with industry standard simulation tools (EDSL-TAS) using a 
mid-sized supermarket archetype based on typical design (as provided by Asda). 
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5. Astins Eco-Doors 
The Astins Eco-Doors is an innovation in design for doorway areas in construction 
and refurbishment projects. Traditional door openings involve positioning a 
plasterboard sheet half way or fully over the door position and then simply cutting 
out the required opening. This results in large off cuts. The Eco-Doors innovation 
results in over 20% reduction in metal and plasterboard waste generated, by 
positioning full sheets up against the studs at each side of a door opening and 
using an off-cut from elsewhere above the door. Applicable to all internal 
partitioning and fit-out construction work, the Astins Eco-Door detail will reduce 
plasterboard and metal waste by in excess of 20%. The Astins Eco-Door detail also 
offers a 10% reduction in cost compared to traditionally designed doorway 
openings. The Astins Eco-Door has been fully tested and approved by BRE. It has 
a full warranty and has been ready and available to the construction industry since 
2012. It will impact positively on BREEAM and SKA ratings for individual projects 
through reduced waste and reduced embodied carbon. The innovation can be 
applied to any and all new construction, refurbishment and fit-out projects in the 
EU. 
6. Breathing Buildings 
Breathing Buildings provides low energy ventilation systems, using the principles of 
natural mixing ventilation in winter and natural upward displacement ventilation in 
the summer. Using the 'stack effect' this ventilation method makes use of the fact 
that warm air rises above cold air. Naturally ventilated buildings can utilise this so 
that an atrium allows warm air from an occupied space to rise and escape through 
vents situated at the top of the building. The system also includes low energy fans, 
which may be used to enhance the flow in extreme conditions and thereby provide 
a reliable, engineered low energy ventilation system. 
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CHOICE STAGE 
After screening the ISTs based on their suitability to satisfy the final set of criteria 
established in Step 3, the selected ISTs were presented to the committee members of 
Company A. The researcher organised a third focus group called Green Dragons’ Den 
Focus Group (GDDFG-1) for the choice stage. This focus group followed the same 
data collection protocols as the focus groups undertaken in Steps 1-4 (IFG and DFG) 
and lasted six hours. The aim of the GDDFG-1 was to screen the selected six ISTs 
further with Company A and choose the most appropriate technologies using the DSF. 
The focus group was structured to provide the participants with an update on the 
research and to undertake Steps 6, 7 and 8 of the Decision Support Framework 
proposed in Chapter 6: Weighting and ranking of final set of criteria using AHP (Step 
6); Evaluating the final set of ISTs alternatives (Step 7); and to conduct an overall 
analysis of the IST alternatives using DPM (Step 8).  
An email invite with an agenda for the workshop and some pre-documents giving an 
overview of the selected ISTs along with an ethical information sheet was sent a month 
in advance to the fourteen participants (Appendix C.1). There was a response rate of 
79% and nine participants from the group, subsidiary and project level of Company A 
and two academic professionals attended the focus group as shown in Table 7.14. 
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Level Job Role AHP Client AHP Des/cont. 
Group Level Supply Chain Manager (P1)  
Subsidiary Level Managing Director Retail & Interiors (P2) 
Marketing Manager Retail (P3) 
Business Unit Director  (P4) 
Business Manager (P5) 



 



 
Project Level Building Service Manager (P6) 
Principal Design Manager (P7) 
Senior Design Manager (P8) 
Commercial Manager (P9) 








Academic 
Professionals 
Professor Environmental Building (P10) 
Lecturer & M&E Design Engineer (P11) 

 


IST Suppliers IOBAC 
Solaveil 
Spiralite 
EnegyFlo Insulation 
Breathing Buildings 
Astins Eco-Doors 
Table 7.14: Participants of the Green Dragons’ Den Focus Group (GDDFG-1) for Steps 6, 7 & 8 
7.4.6 Step 6: Weighting and Ranking of final set of criteria 
The selection of ISTs involves the group decisions of several stakeholders coming to 
an agreement and this is usually done through a debate or discussion. A disadvantage 
of this method is that a strong stakeholder can take the lead in the discussion, 
suppressing or ignoring the other stakeholders’ opinions and ideas (dominance), or 
stakeholders do not want to speak up and instead conform to whatever is said 
(conformance). This problem was overcome by using an Analytical Hierarchy Process 
(AHP) to evaluate the comparability of the established decision criteria with expert 
opinions from Company A. Two questionnaires using the AHP matrix were prepared to 
obtain the subjective judgements of the participants (Appendix B.3a and Appendix 
B.3b; Clients/Developers and Designers/Constructors respectively). The participants 
were selectively chosen, based on their job roles, to complete the AHP survey for 
Clients/Developers, Designers/Constructors or both (Table 7.14). During the focus 
group, the researcher first provided a brief presentation on the selection process 
(Figure 7.7).  
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Figure 7.7: Researcher presenting at GDDFG-1. 
The AHP methodology and selection criteria to be used for the AHP survey were 
explained to the participants. Each survey had five criteria identified in Step 3 for 
Clients/Developer and Designers/Constructors. Every participant had to make ten pair-
wise comparisons with respect to the objective established in Step 1. They were given 
fifteen minutes to complete the survey. The first phase of the questionnaire asked for 
the criteria to be ranked in a given context and the second phase asked for a pair-wise 
ratio/importance response for each of those ranked criteria. The comparisons were 
made using a scale of absolute judgements that represented how much more one 
criteria dominated another with respect to a given attribute. The results relied on the 
judgements of experts to derive priority scales and it is these scales that measure 
intangibles in relative terms (DCLG, 2009). It is common to make judgement errors, 
and participants can be inconsistent when making the pair-wise comparisons. 
Therefore, participants were reminded of the importance of observing consistency in 
their answers in the questionnaire and the consistency ratio (CR) was used to ensure 
participants had made logical and consistent pair-wise comparisons. Saaty and Vargas 
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(2013) recommend different CR value thresholds to handle different numbers of 
factors, for example, 5% threshold for three factors, 9% for under four factors, and 10% 
if there are more than four factors. In this case, there were five criteria for each 
stakeholder; therefore, the CR value was expected to be less than 10% (Saaty & 
Vargas, 2013). No opinion or judgement was ignored, as all the group members had to 
fill out the AHP questionnaire. The group then reviewed the comparisons together, 
discussed and tried to reach a consensus on their values and collaboratively agreed on 
the weightings to be assigned for each criteria. The process centred on collaboration, 
taking the views and opinions of the different participants to arrive at a consensus 
agreement.   
There are many different software packages that help with the use of the AHP process, 
but they are mostly commercial and quite expensive, such as Decision Lens, Expert 
Choice. The data collected was analysed using an online, open access, AHP excel 
template available for academic use (Goepel, 2012). The template was pre-tested to 
ensure it was reliable. The first sheet of the excel template prompts for the number of 
criteria, number of participants and criteria to be used. This automatically sets up the 
excel sheets for each participant using the criteria. The completed AHP questionnaires 
were transferred to the AHP template by the researcher, the analysis and results of 
which are presented in the next section. 
7.4.6.1 Weighting and Ranking of Clients’/Developers’ Criteria 
The AHP questionnaire for Clients/Developers was completed by the following 
participants from the committee (See Table 7.14): Supply Chain Manager (P1), 
Managing Director Retail (P2), Marketing Manager (P3), Principal Design Manager 
(P7), Senior Design Manager (P8), Commercial Manager (P9) and Academic 
Professional (P10). Table 7.15 shows a summary of the individual results of the 
weightings established for each participant for the five broad criteria defined in Step 3: 
cost, sustainability, time, proven success and risks. Please see Appendix C.2 for 
details of the AHP results. 
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P1 P2 P3 P7 P8 P9 P10 
Risks 
41.3 62.6 52.2 16 49.2 39.9 51.3 
Cost 34.2 13.4 18.4 57.6 8.9 35.6 7.4 
Proven Success 6.3 11.6 5 10.1 30.9 8 22.1 
Time 
11 3.9 5.4 11.5 3.4 12 13.7 
Sustainability 
7.2 8.5 19 4.9 7.6 4.5 5.5 
Consistency Ratio (CR) 
3.3 6.8 5.5 5.7 5 8.4 9.1 
Table 7.15: Weightings (%) of Clients’/Developers’ selection criteria (GDDFG-1) 
The results highlight the different views of the participants; however, the CR for each 
participant was within the acceptable value of 10%. Therefore, the results were reliable 
and consistent to establish the combined weighting and ranking for the stakeholder 
group. The results (Table 7.15) clearly denote that the focus group participants (with 
the exception of Participant P7) perceive the risk posed by the technologies and the 
effect it would have on the end-users of the building as the most important criterion. 
The sustainable features of the ISTs (environmental sustainability), were considered 
the least important criteria, being ranked in the last two positions by the majority of the 
participants, with the exception of Participant P3. 
In order to identify the overall ranking of the criteria, the results were combined. Table 
7.16 shows the combined AHP results for the group. The participants identified the risk 
criterion as the most important attribute for the group with a score of 47%, followed by 
cost (23%), proven success (13%), time (9%) and sustainability as the least important 
(8%). The results had a group consensus of 75% and CR of 0.8% (Appendix C.2). The 
weightings and rankings were therefore reliable and used for the next step of the 
Decision Support Framework. 
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 Cost Sustainability Time Success Risks Weights Ranking 
Cost 1 2.6 3.3 1.4 0.5 23% 2 
Sustainability 0.3 1 1 0.6 0.2 8% 5 
Time 0.3 1 1 0.8 0.2 9% 4 
Success 0.8 1.6 1.3 1 0.2 13% 3 
Risks 2 5.4 5 4.5 1 47% 1 
Table 7.16: Combined AHP Comparison Matrix of Clients’/Developers’ Selection Criteria  
7.4.6.2 Weighting and Ranking of Designers’/Constructors’ Criteria 
The AHP questionnaire for Designers/Constructors was completed by the following 
participants from the committee (See Table 7.14): Supply Chain Manager (P1), 
Business Unit Manager (P4), Business Manager (P5), Building Service Manager (P6), 
Senior Design Manager (P8), Commercial Manager (P9) and Academic Professional 
(P11). 
Table 7.17 shows the summary of the individual results of the weightings established 
for each participant for the five broad criteria defined in Step 3: repeat business, 
transferability, differentiation, investment costs and margin opportunity. Please see 
Appendix C.3 for details of the AHP results. 
   
P1 P4 P5 P6 P8 P9 P11 
Repeat Business 21.7 10.4 41.4 42.7 54.6 23 9.3 
Transferability 10.8 3.5 4.1 8.6 3.4 3.8 9.9 
Differentiation 34.9 5.7 7.6 13.9 14.4 11.1 4.8 
Investment Costs 16.3 40.2 11.2 5.8 5.1 34.7 25.3 
Margin Opportunity 16.3 40.2 35.7 29 22.5 27.4 50.6 
Consistency Ratio (CR) 8 9.5 8.1 9.1 6.6 6.4 5.7 
Table 7.17: Weightings (%) of Designers’/Constructors’ selection criteria  (GDDFG-1) 
The results were similarly analysed for the Designers’/Constructors’ criteria. The CR for 
each participant was also within the acceptable value of 10%, and was sufficiently 
reliable and consistent to establish the combined weighting and ranking for the 
stakeholder group. 
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Table 7.18 shows the combined AHP results; the participants identified margin 
opportunity as the most important selection criteria with a score of 36%, followed by 
repeat business (28%), investment costs (17%), differentiation (13%) and transferability 
as the least important (6%). 
 A B C D E Weights Ranking 
Repeat Business (A) 1 4 3.3 1.3 0.7 28% 2 
Transferability (B) 0.3 1 0.4 0.4 0.2 6% 5 
Differentiation (C) 0.3 2.5 1 0.9 0.3 13% 4 
Investment Costs (D) 0.8 2.7 1.2 1 0.5 17% 3 
Margin Opportunity (E)  1.4 4.7 3 2.2 1 36% 1 
Table 7.18: Combined AHP Comparison Matrix of Designers’/Constructors’ Selection Criteria  
The results show a group consensus of 72% and CR of 1.7% (Appendix C.3), the 
weightings and rankings were therefore reliable and were used for the next step of the 
framework. Results from Table 7-13 and Table 7-15 were used for the next steps of the 
Decision Support Framework (Step 7 and 8). 
7.4.7 Step 7: Evaluating the final set of IST alternatives 
The next step was to score each of the six ISTs previously identified in Step 5. The 
selected six IST suppliers were each asked to make a 15 minute presentation to the 
participants. This was followed by a 10 minute Q&A session and each participant had 
ten minutes to score each IST presented by the supplier (against all the criteria 
established in Step 3) using the scoring sheet (Appendix B.4). This was done by every 
participant and each criterion was scored from 1-10 using the indicators established in 
Step 4 (Tables 7.11 and 7.12). Using the results, the analyst established the average 
score for the group. Three participants (P2, P4 and P5) had to leave before the 
workshop finished and were not able to score three technologies. To ensure the results 
were consistent, only the eight participants who scored all the technologies were 
included in the selection process.  
Tables 7.19, 7.20, 7.21, 7.22, 7.23 and 7.24 show the six ISTs scored by eight 
participants against each criteria, the average and the standard deviation (SD). 
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Criteria P1 P3 P6 P7 P8 P9 P10 P11 Average SD 
Time 8 8 10 10 10 9 8 8 8.9 1.0 
Cost 7 7 7 9 10 8 6 7 7.6 1.3 
Proven Success 8 7 6 10 7 9 6 6 7.4 1.5 
Risks 9 4 7 5 5 9 8 5 6.5 2 
Sustainability 9 3 5 1 8 7 5 6 5.5 2.6 
 
   
 
 
    
 
Differentiation 9 8 8 5 10 4 8 10 7.8 2.2 
Investment Costs 5 9 9 10 10 9 9 5 8.3 2.1 
Margin Opportunity 5 5 5 5 5 3 4 5 4.6 0.7 
Repeat Business 8 10 10 10 7 8 5 8 8.3 1.8 
Transferability 8 9 10 10 10 9 7 6 8.6 1.5 
Table 7.19: Scoring of IST ‘Solaveil’ 
 
Criteria P1 P3 P6 P7 P8 P9 P10 P11 Average SD 
Time 8 6 8 9 7 5 10 8 7.6 1.6 
Cost 8 6 3 6 5 4 6 6 5.5 1.5 
Proven Success 6 10 5 8 5 4 7 5 6.3 2.0 
Risks 7 7 9 7 8 6 6 5 6.9 1.2 
Sustainability 8 9 5 7 5 4 6 1 5.6 2.5 
 
          
Differentiation 9 10 8 10 5 8 9 2 7.6 2.8 
Investment Costs 8 10 8 8 8 8 10 9 8.6 1.0 
Margin Opportunity 5 1 5 4 5 4 6 2 4 1.7 
Repeat Business 9 10 8 8 8 7 8 9 8.4 1.0 
Transferability 8 10 9 8 5 6 6 9 7.6 1.8 
Table 7.20: Scoring of IST ‘IOBAC’ 
 
Criteria P1 P3 P6 P7 P8 P9 P10 P11 Average SD 
Time 8 8 9 8 8 8 7 5 7.6 1.2 
Cost 7 8 8 8 8 6 7 8 7.5 0.8 
Proven Success 10 10 8 10 10 6 7 9 8.8 1.6 
Risks 9 5 7 8 8 6 5 5 6.6 1.6 
Sustainability 8 7 8 7 7 6 7 8 6.5 2.3 
 
          
Differentiation 10 10 10 9 9 8 9 9 9.3 0.7 
Investment Costs 9 9 8 7 7 6 7 9 7.8 1.2 
Margin Opportunity 5 4 5 8 8 7 7 7 6.4 1.5 
Repeat Business 7 10 7 9 9 8 7 6 7.9 1.4 
Transferability 10 10 8 8 8 8 6 9 8.4 1.3 
Table 7.21: Scoring of IST ‘Spiralite’ 
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Criteria P1 P3 P6 P7 P8 P9 P10 P11 Average SD 
Time 8 5 8 10 10 8 6 5 7.5 2 
Cost 5 5 8 4 5 8 4 10 6.1 2.2 
Proven Success 6 2 6 9 5 8 2 5 5.4 2.5 
Risks 5 5 6 9 5 8 4 5 5.9 1.7 
Sustainability 5 7 8 5 3 8 7 5 6 1.8 
 
          
Differentiation 6 3 4 7 5 7 3 1 4.5 2.1 
Investment Costs 8 8 8 10 10 6 8 8 8.3 1.3 
Margin Opportunity 5 1 7 5 5 5 6 3 4.6 1.8 
Repeat Business 8 5 8 10 5 4 3 5 6 2.4 
Transferability 8 3 9 7 7 8 6 7 6.9 1.8 
Table 7.22: Scoring of IST ‘Astins Eco Doors’ 
Criteria P1 P3 P6 P7 P8 P9 P10 P11 Average SD 
Time 5 1 6 6 3 5 5 3 4.3 1.8 
Cost 4 3 6 6 5 6 3 3 4.5 1.4 
Proven Success 5 7 7 8 5 6 3 1 5.3 2.3 
Risks 7 5 6 9 5 3 3 5 5.4 2.0 
Sustainability 10 10 6 9 5 6 6 7 7.4 2.0 
 
          
Differentiation 7 8 7 8 7 7 9 7 7.5 0.8 
Investment Costs 9 6 7 2 8 4 2 7 5.6 2.7 
Margin Opportunity 5 5 5 4 5 4 3 2 4.1 1.1 
Repeat Business 9 4 5 2 7 6 5 4 5.3 2.1 
Transferability 6 5 10 9 7 6 7 1 7.1 1.6 
Table 7.23: Scoring of IST ‘Energy-Flo’ 
Criteria P1 P3 P6 P7 P8 P9 P10 P11 Average SD 
Time 5 5 9 3 6 4 4 5 5.1 1.8 
Cost 4 5 5 5 2 6 6 3 4.5 1.4 
Proven Success 6 5 6 4 6 5 5 4 5.1 0.8 
Risks 6 5 5 8 5 6 4 7 5.8 1.3 
Sustainability 9 8 6 9 3 7 5 6 6.6 2.1 
 
          
Differentiation 2 3 6 5 5 8 7 8 5.5 2.2 
Investment Costs 8 7 9 3 5 5 4 7 6 2.1 
Margin Opportunity 5 5 5 6 5 4 6 5 5.1 0.6 
Repeat Business 5 3 3 4 5 7 8 5 5 1.8 
Transferability 8 10 7 4 3 4 6 8 6.3 2.4 
Table 7.24: Scoring of IST ‘Breathing Buildings’  
The average score for all the ISTs was presented to the group as illustrated in Table 
7.25. 
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Criteria Weighting Solaveil IOBAC Spiralite Astins EnergyFlo Breathing 
Time  9% 8.9 7.6 7.6 7.5 4.3 5.1 
Cost  23% 7.6 5.5 7.5 6.1 4.5 4.5 
Proven Success  13% 7.4 6.3 8.8 5.4 5.3 5.1 
Risks  47% 6.5 6.9 6.6 5.9 5.4 5.8 
Sustainability  8% 5.5 5.6 6.5 6 7.4 6.6 
 
Differentiation  13% 7.8 7.6 9.3 4.5 7.5 5.5 
Investment Costs 17% 8.3 8.6 7.8 8.3 5.6 6 
Margin Opportunity  36% 4.6 4 6.4 4.6 4.1 5.1 
Repeat Business 28% 8.3 8.4 7.9 6 5.3 5 
Transferability  6% 8.6 7.6 8.4 6.9 7.1 6.3 
Table 7.25: Average scores before consultation 
The researcher presented the results to the participants and facilitated discussion of 
each technology and the score allocated. For example, the criteria ‘repeat business’ for 
EnergyFlo had a high score of 9 by Participant P1 who was from the group level and 
could see the technology used in other sectors of the company, while the same criteria 
for EnergyFlo was given a low score of 2 by Participant P2, as the participant viewed it 
from a project level. Therefore, it was necessary to discuss each technology and agree 
on a collective score for each criteria of every technology. As a result  some of the 
scores were revised as highlighted in Table 7.26 (See scores changed highlighted in 
bold). 
Criteria Weighting Solaveil IOBAC Spiralite Astins EnergyFlo Breathing 
Time 9% 8.9 7.6 7.6 7.5 4.3 3 
Cost 23% 7.6 5.5 7.5 6.1 4.5 4 
Proven success 13% 7.4 4 9 4 2 5.1 
Risks 47% 5 6.9 5 5 5 6 
Sustainability 8% 7 5.6 7 5 8 7 
 
Point of Diff 13% 7.8 8 9.3 2 7.5 4 
Investment Costs 17% 8.3 8.6 7.8 8 4 6 
Margin Opportunity 36% 4.6 3 7 5 4.1 5.1 
Repeat business 28% 9 9 7.9 4 4 5 
Transferability 6% 8.6 8 8.4 7 7 6.3 
Table 7.26: Average scores after group discussion (Note: in bold, scores changed after 
discussion) 
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7.4.8 Step 8: Overall analysis of IST alternatives 
The final step was to select the most appropriate ISTs using the established weighting 
(from Step 6) and IST scores (from Step 7). For each IST, the total weighting for the 
category (Clients/Developers and Designers/Constructors) is calculated by multiplying 
each criterion with the average score, and adding them all together, as illustrated in 
Table 7.27. 
 Criteria Weighting Solaveil IOBAC Spiralite Astins EnergyFlo Breathing 
C
lie
n
t/
D
ev
el
o
p
er
  
Time 9% 8.9 7.6 7.6 7.5 4.3 3 
Cost 23% 7.6 5.5 7.5 6.1 4.5 4 
Proven success 13% 7.4 4 9 4 2 5.1 
Risks 47% 5 6.9 5 5 5 6 
Sustainability 8% 7 5.6 7 5 8 7 
Total  642.1 616 648.9 534.8 467.2 523.3 
  
D
es
ig
n
er
/ C
o
n
st
ru
ct
o
r 
Point of Diff 13% 7.8 8 9.3 2 7.5 4 
Investment Costs 17% 8.3 8.6 7.8 8 4 6 
Margin Opportunity 36% 4.6 3 7 5 4.1 5.1 
Repeat business 28% 9 9 7.9 4 4 5 
Transferability 6% 8.6 8 8.4 7 7 6.3 
Total 
 
711.7 658.2 777.1 496 467.1 515.4 
Table 7.27: Calculations for Directional Policy Matrix 
The results of the total criteria for each group are displayed on the DPM matrix (Figure 
7.8). Details on performing the overall analysis is described in Section 6.4.8. The 
location of each IST on the nine cell matrix determines the decision to be made. Based 
on the participants’ preferences, the DSF identified Spiralite, Solaveil and IOBAC as 
the most appropriate ISTs to optimise process and to reduce energy use and carbon 
emissions for existing retail buildings. These were located in the ‘Leader’ cell and 
indicate that these ISTs should be explored further, Energy Flo, Breathing buildings 
and Astins Eco Door were located in the ‘Custodial Growth’ cell and would not need to 
be explored further. However, the participants suggested these ISTs may be more 
appropriate for other sectors of Company A’s business, such as Schools, Housing.  
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Figure 7.8: Results of Directional Policy Matrix for Study 1 
7.5 Study 2: Feedback on the Decision Support 
Framework 
The aim of Study 2 was to gather feedback from the participants of the GDDFG-1, both 
from Company A and the suppliers (Table 7.14), and refine the Decision Support 
Framework. An online questionnaire was sent to the participants from Company A 
(Appendix B.5) and the six selected suppliers of IST (Appendix B.6). First the results 
from Company A and the suppliers are presented and discussed, followed by a 
summary of the suggestions and recommendations made to improve the Decision 
Support Framework. 
7.5.1 Feedback from Company A 
An on-line questionnaire using Qualtrics was sent to the ten participants of the 
GDDFG-1 from Company A (Table 7.14). Seven participants completed the 
questionnaire with a response rate of 70%. The questionnaire was designed to receive 
feedback on the selection process, selection criteria and gather suggestions or 
recommendations for improvement of the Decision Support Framework. The results for 
each section are presented. 
Solaveil 
Breathing Buildings 
Spiralite 
IOBAC 
EnergyFlo 
Astins eco Doors 
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7.5.1.1 Feedback on Selection Process 
Table 7.28 shows the percentage of the participants’ response to Questions 1 - 4 of the 
questionnaire. 
Questions 
 
Answers 
1. How easy was the selection 
process? 
Very Easy  
(0%) 
Easy  
(86%) 
Neutral 
(14%) 
Difficult 
(0%) 
Very Difficult 
(0%) 
2. How effective was the 
Decision Support Framework in 
selecting the appropriate ISTs? 
Very Effective 
(0%) 
Effective 
(100%) 
Neutral 
(0%) 
Ineffective 
(0%) 
Very Effective 
(0%) 
3. How appropriate were the 
technologies presented during 
the workshop? 
Very Appropriate  
(43%) 
Appropriate 
(53%) 
Neutral 
(0%) 
Inappropriate 
(0%) 
Very 
Inappropriate 
(0%) 
4. Please suggest any other 
job roles within the business to 
be included in the next 
workshop? 
 Clients (Although this is very difficult to achieve) 
 Estimators 
 More operations - Project Managers, Site Managers, Sections Managers 
 Quantity surveyors were also in the workshop. I cannot think of any other job 
role 
Table 7.28: Feedback on Selection Process 
The feedback on the selection process was positive. The majority of the respondents 
(86%) described the selection process as easy while 14% were neutral. All the 
respondents agreed the DSF was effective in selecting ISTs. The presented ISTs were 
considered as very appropriate (43%) and appropriate (53%). This indicates the 
selection process was effective and assisted Company A to select ISTs.  
7.5.1.2 Feedback on Selection Criteria 
Table 7.29 shows the percentage of the participants’ response to Questions 5 - 6 of the 
questionnaire. 
 
Questions 
 
Answers 
 
5. Were the current concerns of 
clients/developers reflected in the 
final set of criteria? 
 
 
Strongly Agree 
(14%) 
 
Agree 
(71%) 
 
Neutral 
(14%) 
 
Disagree 
(0%) 
 
Strongly Disagree 
(0%) 
 
6. Were the current concerns of the 
designers/constructors reflected in 
the final set of criteria? 
 
 
Strongly Agree 
(14%) 
 
Agree 
(86%) 
 
Neutral 
(0%) 
 
Disagree 
(0%) 
 
Strongly Disagree 
(0%) 
Table 7.29: Feedback on Selection Criteria 
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The majority of the respondents strongly agreed (14%) and agreed (71%) that the 
established final set of criteria reflected the concerns of clients/developers and 14% 
were neutral. While all the respondents strongly agreed (14%) and agreed (86%), 
which the established final set of criteria reflected the concerns of 
designers/constructors.  
7.5.1.3 Suggestions/Recommendations 
Table 7.30 shows the response to Question 7 and some suggestions made by the 
participants in the text box. All participants considered the DSF useful for selecting 
ISTs, and suggested they would recommend the developed DSF to other sectors of the 
business.   
 
Questions 
 
Answers 
 
7. Would you recommend other 
sectors of the business (E.g. 
Living Space, Construction) to 
use the Decision Support 
Framework to select 
technologies? 
 
Very Likely 
 
(14%) 
 
Likely  
 
(86%) 
 
Neutral 
 
(0%) 
 
Unlikely  
 
(0%) 
 
Very Unlikely 
 
(0%) 
Open Comments  For me its basic structure is ok i.e. simple. I do struggle with some of the 
scenarios posed, in that they can be read 2 ways. Looking at the uncorrected 
range of scores given on the day I think there were several examples where 
people read the description and scored it the opposite way to the majority. I 
also did this a couple of times. What didn’t help was that there was a lot to 
cram into the day. Personally I struggled with not having enough thinking time 
to reflect and score and think about what the score sheet is asking in the 
question. It would have helped if we had debated each scoring point as a 
team then put our own scores down. We had a couple of minutes to complete 
the sheet and I found myself trying to complete it after the next presentation 
had started. All that said the whole day was full of valuable content and I took 
a lot from it. 
 Well done Zainab. Great work and very well organised.  
 The tool is useful and should be used to pre filter the technologies brought in 
on the day. With a little more clarity, I would recommend it. We discussed the 
day before, about how some of the survey question scenarios could be read 
2 ways 
Table 7.30: Feedback and Suggestions 
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7.5.2  Feedback from Suppliers 
Similarly, a feedback questionnaire with the following questions was emailed to the six 
suppliers (Spiralite, Solaveil, Energy Flo, Astins, Breathing Buildings and IOBAC) who 
presented at the GDDFG-1.  
1. The research aims to develop a Decision Support Framework to assist the key 
stakeholders in the selection process. Do you think this would provide a useful 
tool to select ISTs?   
2. How important was the GDDFG-1 in promoting your technology?   
3. A Decision Support Framework was used to select the preferred technologies. 
This consisted of a broad range of criteria based on clients/developers criteria 
and in line with the business objectives. The criteria were ranked and weighted 
by the business and each supplier was scored against the criteria. Is this an 
appropriate strategy to promote the uptake of sustainable technologies?   
4. The workshop had the following participants: Managing Director, Business 
Managers, Design Managers, Building Service Engineers and Construction 
Managers. Would you like any other job roles to be included in the next 
workshop? (These are people whom you think are the key decision-makers in 
the business and can influence the use of your technology). 
5. Please let us know if you have any suggestions to improve the IST selection 
process. 
6. Any other comments you may have. 
All six suppliers completed the questionnaire and their responses to all the questions 
are shown in Table 7.31. Appendix C.4 contains some additional feedback provided by 
the suppliers after the GDDFG-1 
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Q
U
E
S
T
IO
N
S
 
 Answers 
1.  Yes  
(100%) 
No  
(0%) 
Comments: 
 This would save time for key stakeholders in finding the right information and technology and speed up the process of purchase. 
 Definitely. 
 Because most construction people want an easy life and will not change unless they have to. 
 Yes. To quantify a product makes it much easier to compare its merits against others. 
 If the decision framework is to include main directors from a variety of sectors across the company, it enables a thorough assessment of such 
technologies from every angle. It also gives an opportunity for the company to explain every aspect of their company and technology and be 
fully understood. 
2. Extremely 
Important (100%) 
Very Important 
 (0%) 
Neutral  
(0%) 
Very Unimportant  
(0%) 
Not at all Important 
 (0%) 
3.  Very Appropriate 
(83%) 
Appropriate 
(17%) 
Neutral (0%) Inappropriate (0%) Very Inappropriate (0%) 
4.   This was a good spread of people who would provide valuable input, all bases covered.  
 Environmental Assessors, Directors from other sector departments, Commercial managers, Energy managers. 
 I think there was a really good spread of people there who would all bring different views to any possible technology. 
 Include people from all the necessary departments in OTHER groups if necessary - you told us that the product was accepted by the Company and good, but not for retail, and that the 
other groups in the business would be shown the product.  It would be better if they were all present at the same time.  This is because people are busy…….. They only deal with what 
is in front of them, and they will not do anything unless it is seen to be important. You may well have our product shown to other groups but unless they are there they will not know the 
background or understand the things that were said and so most likely will be ignored. 
5.  I thought it went very well and the approach was very professional and easy to understand. The process worked very well. 
 The selection process seems fine.  The follow up is the important one. 
 I thought it was very well run; it would have been good to have a little bit longer to present. 
6.  It was a very good opportunity to tell decision-makers about our product and to know that the presentation was going to be criteria referenced rather than just a couple of technologies 
selected to go through to the next phase. 
 We felt the workshop was an excellent way of introducing new technologies to the industry.  Our only recommendation would be to extend the length of the time slots by 15 to 30 
minutes, to ensure all benefits can be covered. 
 Thanks for organising it; we appreciated the opportunity to talk about our technology to such an influential group. 
Table 7.31: Feedback from Suppliers
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7.5.3 Summary of Recommendations 
The feedback received from both Company A and the suppliers was positive. The 
majority of the participants from Company A considered the Decision Support 
Framework easy to use (86%) and they all agreed the DSF was effective in assisting 
the selection process. All participants confirmed the selected six suppliers were 
appropriate (57%) or very appropriate (43%) to satisfy their clients’ requirements and 
business needs to optimise process, energy and carbon efficiency for existing retail 
buildings. Thus the process to select alternatives was deemed appropriate. Similarly, 
Table 7.31 all the suppliers confirmed the DSF adopted was very appropriate (83%) 
and appropriate (17%) for the selection of ISTs. They all agreed the Decision Support 
Framework was useful and the workshop was extremely important in promoting the 
uptake of ISTs (Table 7.31). 
The AHP questionnaire was conducted at the start of the GDDFG-1. However, some 
participants felt there was limited time to complete the AHP questionnaire and it was 
suggested that it would be advisable to organise the AHP questionnaire prior to the 
selection workshop in a quiet, disturbance-free venue to ensure logical pair-wise 
comparisons are made. This would give the participants ample time to make the pair-
wise comparisons and the researcher additional time to analyse the results and ensure 
all are within the acceptable CR threshold. To overcome this problem, the researcher 
decided the AHP questionnaire would be sent electronically prior to the workshop of 
the follow-up study (Study 3). Some improvements to the DSF were also suggested by 
the participants. Such as, improving the scoring logic and providing all the suppliers 
with the same retail building to use for their presentations. This would make it easier for 
participants to compare different technologies against each criterion. The suppliers 
suggested it would be beneficial to have more time to present the ISTs, which was 
taken into consideration. 
Based on the feedback received, the Decision Support Framework was improved and 
tested again in Study 3 with a set of seven different ISTs.  
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7.6 Study 3: Improvement of the Decision Support 
Framework  
The aim of Study 3 was to test the improved DSF with a different set of seven ISTs 
(Magnatech, PowerPerfector, Norwood, Datum Phase Change, Thermacool, TerOpta, 
and Airsite). On this occasion, another focus group was organised, called Green 
Dragons’ Den Focus Group-2: GDDFG-2), with senior management professionals from 
the group, subsidiary and project level within Company A. Additional participants from 
Company A were invited, as suggested from the feedback collected in Study 2. An 
email invite with an agenda for the workshop and some pre-documents giving an 
overview of the selected ISTs, including the AHP questionnaire (Appendix D.1), was 
sent a month in advance to 20 senior management professionals in Company A, 
predominantly involved in sustainable retail construction, client facing and job winning 
roles in addition to one academic supervisor from Plymouth University. They were 
asked to complete the AHP questionnaire based on the information provided. 15 
participants completed the AHP questionnaire (72% response rate) and 11 participants 
(52% response rate) confirmed they would be attending the focus group (Table 7.32). 
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Level Job Role AHP 
Questionnaire 
Attending Workshop 
Group Level Supply Chain Manager (P1) 
Sustainability Director  




Subsidiary 
Level 
Managing Director Retail & Interiors (P2) 
Strategy Director Retail (P3) 
Business manager  (P4) 
Business Development Manager (P5) 
Business Manager (P15) 





 



 
Project 
Level 
Senior Building Service Manager (P6) 
Principal Building Service Manager  
Principal Design Manager (P7) 
Senior Design Manager  
Design Manager (P8) 
Commercial Manager (P9) 
Project Estimator (P10) 
Pre-Construction Manager (P11) 
Site Manager (P12) 
Surveyor (P13) 
Building Service Manager (P14) 
Surveyor (P17) 
Estimator  


























Academic  
Professional 
Lecturer & M&E Design Engineer (P16)  
IST 
Suppliers 
AirSite 
Magnatech 
Datum Phase Change 
Monodraught 
TerOpta 
Norwood 
Powerperfector 
Table 7.32: Participants of the Green Dragons’ Den Focus Group (GDDFG-2) for Study 3 
The GDDFG-2 included interactive discussions, brain storming sessions and 
completing the AHP and scoring questionnaires to evaluate each IST supplier. First, 
the researcher provided an update on the research and the current trends in the 
research area, with an outline of the agenda for the day. Each step of the validation 
process was then discussed in order to achieve group consensus before proceeding to 
the next step. The participants agreed that the results from the Identification stage 
(Step 1, 2 and 3) of the Decision Support Framework achieved in Study 1 were current 
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and valid to be used for Study 3 and these were thus omitted. For clarity, each step is 
explained. 
IDENTIFICATION STAGE 
7.6.1 Step 1: Stakeholder Analysis 
The key stakeholders identified in Step 1 (Section 7.4.1.3): Clients/Developers and 
Designers/Constructors) were approved by the participants as valid and reliable for use 
in the next step of the validation process. 
DESIGN STAGE 
7.6.2 Step 2: Identify and structure the decision problem, global 
goal and objectives 
The overall goal and objectives identified in Step 2 of Study 1 (Section 7.4.2) were 
presented to the participants to confirm they reflected the current concerns of the 
participants. All participants agreed the overall goal and objectives were still current 
and valid for use in the next step of the validation process. 
7.6.3 Step 3: Identify Selection Criteria 
To ensure the group consensus, the final sets of criteria obtained in Step 3 of Study 1 
(Section 7.4.3) were presented to all the participants of the focus group. The 
participants were requested to change, if needed, the selection criteria to suit their 
current needs. The participants had an interactive discussion for 15 minutes and 
confirmed the final selection criteria were still valid and current and could be used for 
the next step. Thus the final selection criteria were the same as for Study 1 and 
consisted of five Clients’/Developers’ criteria (cost, sustainability, time, proven success 
and risks) and five Designers’/Constructors’ criteria (repeat business, transferability, 
differentiation, investment costs and margin opportunity). 
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7.6.4 Step 4: Defining indicators for the final set of criteria 
The indicators of the final set of criteria and the scoring logic were improved based on 
the feedback on Study 1 received in Study 2. The scoring logic was modified from 1-10 
to low-medium-high representing a score of 1, 5 and 10 respectively. Some indicators 
were also changed, as illustrated in Table 7.33 and Table 7.34. 
S
co
ri
n
g
 lo
g
ic
 
Score Time 
Cost 
(Payback) 
Proven Success Risks Sustainability 
10 
No 
disturbance to 
store trading 
1 -3 Years 
Roll out by 
retailers 
Impact leading 
to higher sales 
Outstanding 
5 
Partial closure 
of store 
4 - 7 Years 
Trialled on pilot 
schemes 
No Impact on 
customer/ sales 
Above and Beyond 
Building regulations 
1 
Complete 
closure of 
store 
8 - 10 Years 
Tested by 
accredited 
organisations like 
BRE, Carbon 
Trust 
Impact on 
customers 
leading to lower 
sales 
Complies with 
Building regulations 
Table 7.33: Improved Indicators and scoring logic for Retailers’/Developers’ criteria 
 
S
co
ri
n
g
 lo
g
ic
 
Score Differentiation 
Margin 
Opportunity 
Investment 
Costs 
Repeat Business Transferability 
10 
No other 
designers 
/constructors 
offering IST and 
it is hard for 
them to copy 
Net margin of 
>10% 
No investment 
needed but willing 
to partner with the 
company 
Roll out opportunity 
All sectors and 
building types 
5 
No other 
competitors 
offering this 
 
Joint Venture/ 
Strategic Alliance 
with small 
investment 
needed 
Only certain 
building types/sizes 
 
1 
Very easily 
replicated 
Net Margin of 
< 1% 
Full investment 
and resources 
needed 
One building 
type/size only 
Retail Only 
Table 7.34: Improved Indicators and scoring logic for Designers’/Constructors’ criteria 
CHOICE STAGE 
7.6.5 Step 5: Identifying IST alternatives 
This step involved the identification of potential ISTs to be selected using the DSF. A 
similar screening process was adopted as in 7.3.5 during Study 1 and involved a two 
stage process (pruning and screening) conducted by the analyst before the workshop. 
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The pruned and selected ISTs are shown in Table 7.35. A one-page summary of the 
final seven ISTs from the screening process was sent to the participants a month in 
advance along with the pre-documents (Appendix D.1). 
Stage Stage 1 (Pruning) Stage 2 (Screening) Stage 3 (Selection) 
Method Desktop Study & Semi-structured 
Interview (Phone) 
Semi-structured Interview (face-
to face) 
 
 
 
Workshop using 
Decision Support 
Framework  
ISTs Himag Solutions 
SolarWall 
Norwood Partitions 
Naked Energy 
Hemcrete 
Sundog 
Modcell 
Magnatech 
Powerperfector 
Sabien technology 
TerOpta Lighting 
Datum Phase Change 
Monodraught 
Skaftray 
Energy Saving Heating Additive 
Carbon Visuals 
Airsite 
Glaze 
Skyrad Ltd. 
Solidea Group 
Ecopod 
Limejump 
Chalmoor 
Pavegen Systems 
Kiwi Power 
Norwood Partitions 
Magnatech 
TerOpta 
Datum Phase Change 
Monodraught 
Air-Site 
Powerperfector 
 
 
Table 7.35: Screening of IST Alternatives for Study 3 
1. Magnatech 
Magnatech Fuel Conditioning Limited provides the most powerful magnets attached 
to the outside of the gas or oil fuel line. This creates a hotter flame so the set point 
on the boiler/water heater or air handling unit is reached more quickly, thus 
reducing the fuel burnt. It provides complete combustion resulting in reductions of 
10% in  emissions and a reduction of approximately 10% in fuel consumption. It is a 
simple retro-fit energy-saving device that gives verified reductions in fuel 
consumption of at least 6%. Most clients receive a return on investment of 
approximately 10% within 8-14 months. The product and results have been 
independently verified, and have been awarded a European Environmental 
Verification Certificate. Researchers from Sheffield University found a 10% 
 262 
 
reduction in NOx and an 11% increase in the thermal efficiency of their lab boiler by 
using Magnatech units. 
2. PowerPerfector Voltage Power Optimisation (VPO) 
PowerPerfector’s Voltage Power Optimisation (VPO) technology regulates and 
controls the voltage supplied to the building. It lowers electricity bills, reduces 
carbon emissions by 8-10%, protects vital electrical infrastructure and helps 
equipment work more efficiently for longer. The units are made up of harmonic 
attenuation, three phase balancing and transient protection, and do not have 
additional components or moving parts. It is a complete passive unit made from 
high-purity materials and provides maximum efficiency of 99.94% at peak loading. 
Being so efficient, PowerPerfector units do not require forced cooling and run at an 
ambient temperature. The technology comes with a 15 year warranty and has a 50 
year lifespan. The supplier has maintained a 100% reliability record over 20 years 
in over 4,500 UK installations and tens of thousands worldwide. 
3. Norwood Partitions Solution Limited 
Norwood Partitions provide demountable and fully re-locatable, bespoke, 
prefabricated pods, steel and glass partitions to corporate, medical, education and 
controlled environments. They are designed for ease of build and complete future 
flexibility. For example, the panels are modulated and allow solid panels to be 
changed for glazed panels or door sets to be changed. This not only reconfigures 
the space easily but new areas can be easily adapted to new processes. Also, in 
the event of damage during the use of the facility, the in-house maintenance teams 
can easily remove the affected panel and install replacement panels. The system 
can house various integrated services within the panels to allow a flush finish to the 
face of the panel. The products are designed to last, responding to social, 
economic and environmental change. 
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4. Cool Phase (Monodraught) 
Cool Phase is a low energy cooling and ventilation system that creates a 
comfortable, fresh and healthy indoor environment that can significantly reduce the 
energy use and running costs of buildings. The technology uses a thermal energy 
store which utilises a Phase Change Material (PCM) combined with an intelligently 
controlled air handling unit to actively ventilate and cool the building. Compared 
with a conventional cooling system, the cool phase system can reduce energy 
consumption by up to 90% According to the manufacturer, Cool Phase provides the 
following benefits: very low running costs; a highly energy efficient system; long life 
and a warranty of five years; modular, scalable and adaptable design; it creates a 
healthy and productive environment; emission savings and carbon reductions 
offering BREEAM credits. Demand control ventilation enhances energy efficiency 
and is an environmentally friendly and sustainable solution that uses no 
refrigerants. 
5. ThermaCool (Datum Phase Change) 
ThermaCool ceiling tiles are passive systems incorporating tiny capsules of phase 
change material that absorb, store and release excess latent heat from within the 
building. The microencapsulated phase change material increases the thermal 
mass of lightweight and super insulated buildings. ThermaCool ceiling tiles come in 
two formats, a Preformed Mineral or Metal Ceiling Tile. In the Preformed format the 
tile options include a perforated acoustic version or a solid light texture finish, both 
with either a square or regular edge detail and heat storage capacity up to 
76Wh/m2. The metal ceiling tile is also supplied in a perforated or smooth finish with 
a heat capacity of up to 101Wh/m2 and can also be supplied with an antimicrobial 
finish for installation into clean environments including hospitals, schools and food 
preparation facilities. The product is easy to install for new build or retrofit, 
commercial or public sector projects and will improve the thermal comfort and 
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indoor air quality of a building as well as reduce the energy demand on existing 
HVAC systems. 
6. TeroLight (TerOpta) 
The TeroLight is an intelligent lighting control system without wires. It is easy to 
install, commission and operate and is ideally suited to retrofit situations where 
additional control to achieve maximum energy savings is required. The TeroLight 
control units (TCUs) house all the control system functions and are connected to 
the lighting power circuits (230V AC), and the lights, sensors and switches are 
connected to the TCUs via industry standard, easy-fit plugs. One of the TCUs is 
connected to the Internet or local network, (WiFi or Ethernet cables can be used) 
for control access. The lights, sensors and switches are virtually connected as 
required using a graphical interface, and daily/weekly timers can be configured to 
optimise the system behaviour. According to the manufacturer, the benefits include: 
30% lighting energy savings (typical); typical payback period of 1.5-2.5 years 
(depending on configuration); it is ideal for retrofit (small to large commercial 
buildings); low disruption during installation; simple ‘Plug and Play’ operation; low 
quiescent power consumption;  the ability to monitor and control the system from 
anywhere and vary settings by time of day/day of week; easily expandable to 
enhance or modify; offers flexible control (graduated lighting; manual override; 
occupancy detection); and it is possible to upload new features in software. 
7. Air-Site 
Air-Site offers unique solutions for site shelter cooling without the need of 
conventional air-conditioners.  It can be used in combination with traditional cooling 
systems or as standalone. According to the manufacturer, the benefits include: 
reduction in energy consumption and the electricity bill by approximately 90%; it 
improves the indoor climate in the equipment room, involves minimal service and 
the investment is recovered within 1-3 years. 
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7.6.6 Step 6: Weighting and Ranking of final set of criteria 
Although the same final set of selection criteria were used as in Study 1 (Section 
7.4.3.3), it was not possible to use the AHP results obtained in Step 6 of Study 1 
because it is important to reflect the current preferences of the participants. Therefore, 
the AHP questionnaires were conducted again with the participants of GDDFG-2 to 
identify the weighting and ranking of the final set of criteria.  
In Study 1, the AHP questionnaire was conducted as part of GDDFG-1; the researcher 
had to analyse the data and present the results to be used for the selection process 
during the workshop. Consequently, the researcher had very limited time available to 
conduct the analysis and there was no flexibility in the schedule to request participants 
to re-do the AHP if the CR was greater than 10%. As mentioned before, to overcome 
these issues, the AHP questionnaire was emailed along with the pre-documents a 
month in advance of the focus group to 20 participants from Company A (Table 7.32). 
Participants were requested to complete both AHP questionnaires (Clients/Developers 
and Designers/Constructors). There was an initial low response rate of 30% and the 
researcher sent a follow up email which was endorsed by the Managing Director 
requesting that all participants complete the questionnaire. This resulted in a 72% 
response rate. The AHP results were analysed by the researcher prior to the GDDFG-2 
and are explained in the next section.  
7.6.6.1 Weighting and Ranking of Clients’/Developers’ Criteria 
The AHP questionnaire for Clients/Developers was completed by 14 participants from 
Company A: Supply Chain Manager (P1), Strategy Director (P3), Business Manager 
(P4), Business Development Manager (P5), Senior Services Manager (P6), Principal 
Design Manager (P7), Design Manager (P8), Commercial  Manager (P9), Project 
Estimator  (P10), Pre-construction Manager (P11), Site Manager (P12), Surveyor 
(P13), Services Manager (P14) and Business Manager (15). 
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The AHP results were first analysed by each participant to establish the weighting 
using a pair-wise comparison for the five criteria: cost, sustainability, time, proven 
success, and risks. Three participants obtained a CR greater than 10% with their 
responses. They were asked to re-do the AHP questionnaire to ensure their pair-wise 
comparisons were logical, with a CR less than 10%, so that their results could be 
included in the analysis. Table 7.36 shows a summary of the individual results of the 
weightings established for each participant (see Appendix D.2 for details AHP results 
for Clients’/Developers’ criteria). 
   
P1 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 
Cost 
13 35 39 35 16 51 15 52 17 5 25 26 17 62 
Sustainability 22 7 4 4 9 6 3 7 4 3 8 6 7 3 
Time 
41 7 27 15 6 19 8 9 8 26 35 24 30 15 
Success 
16 10 9 7 50 11 22 15 11 15 8 6 43 9 
Risks 
8 41 21 39 19 13 52 17 60 51 24 38 3 11 
Consistency 
Ratio (CR) 
6.5 7.7 3.2 8.4 6.9 7.7 7.4 4.4 8.4 8.6 5.2 4 9.2 8.5 
Table 7.36: Weightings (%) of Clients’/Developers’ selection criteria  (GDDFG-2) 
Although the criteria were the same as for Study 1, the weighting and ranking were 
different for Study 3, as illustrated in Table 7.37. In Study 3, the participants identified 
cost as the most important selection criteria (30%), followed by risk (27%), time (19%), 
proven success (17%) and sustainability as the least important (7%).  
 Cost Sustainability Time Success Risks Weights Ranking 
Cost 1 4.7 1.5 1.7 1.1 30% 1 
Sustainability 0.2 1 0.3 0.4 0.3 7% 5 
Time 0.7 3 1 1.3 0.6 19% 3 
Success 0.6 2.7 0.8 1 0.6 17% 4 
Risks 0.9 3.3 1.6 1.7 1 27% 2 
Table 7.37: Combined AHP Comparison Matrix of Clients’/Developers’ Selection Criteria 
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7.6.6.2 Weighting and Ranking of Designers’/Constructors’ Criteria 
The AHP questionnaire for Designers/Constructors was completed by 15 participants 
from Company A: Supply Chain Manager (P1), Managing Director (P2), Strategy 
Director (P3), Business Manager (P4), Business Development Manager (P5), Senior 
Services Manager (P6), Principal Design Manager (P7), Design Manager (P8), 
Commercial  Manager (P9), Project Estimator  (P10), Pre-construction Manager (P11), 
Site Manager (P12), Surveyor (P13), Services Manager (P14) and Business Manager 
(15). 
Table 7.38 shows the individual results of the weightings established for each 
participant for the five criteria: repeat business, transferability, differentiation, 
investment costs and margin opportunity for each participant. (See Appendix D.3 for 
details of AHP results for Designers’/Constructors’ criteria). 
   
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 
Repeat 
Business 
45 7 37 29 42 34 23 15 10 17 16 40 8 33 21 
Transferability 9 6 3 3 7 3 7 3 4 5 16 8 5 9 13 
Differentiation 13 39 7 19 4 11 36 8 6 9 8 12 17 14 6 
Investment 
costs 
5 14 16 5 9 12 3 22 40 33 6 8 26 4 26 
Margin 
Opportunity 
28 34 37 44 38 40 31 52 40 36 54 32 44 40 34 
Consistency 
Ratio (CR) 
9 7 8 8 7 5 9 7 10 9 6 6 8 7 6 
Table 7.38: Weightings (%) of Designers’/Constructors’ selection criteria (GDDFG-2) 
The CR for each participant was within the acceptable value of 10%, and was 
sufficiently reliable and consistent to establish the combined weighting and ranking for 
the stakeholder group (Appendix D.3). The rankings from Study 3 were the same as for 
Study 1 but the weightings were different, as illustrated in Table 7.39. The participants 
identified margin opportunity as the most important selection criteria with a score of 
43%, followed by repeat business (25%), investment costs (13%), differentiation (12%) 
and transferability as the least important (7%). 
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 A B C D E Weights Ranking 
Repeat Business (A) 1 3.9 1.8 2 0.6 25% 2 
Transferability (B) 0.3 1 0.5 0.6 0.2 7% 5 
Differentiation (C) 0.6 2.1 1 1 0.3 12% 4 
Investment Costs (D) 0.5 1.8 1 1 0.3 13% 3 
Margin Opportunity (E)  1.8 5.8 4.3 3 1 43% 1 
Table 7.39: Combined AHP Comparison Matrix of Designers’/Constructors’ Selection Criteria  
The combined AHP results had a group consensus of 79% and CR of 0.5%; the 
weightings and rankings were therefore reliable and could be used for the next step of 
the Decision Support Framework. The results of the combined AHP questionnaires 
(Tables 7.37 and 7.39) were presented to the participants.   
7.6.7 Step 7: Evaluating the final set of IST alternatives 
A similar process to Step 7 of Study 1 (Section 7.4.7) was used to score the IST 
suppliers, with some modifications based on the feedback collected in Study 2. Each 
supplier was given 20 minutes to present (five minutes extra than Study 1). This was 
followed by a ten minute Q&A session. 11 participants attended the GDDFG-2, but 
Participant P2 had to leave. Therefore, only ten participants scored all the IST suppliers 
and have been considered in the selection process. 
Using the improved scoring logic and guidelines, every IST supplier was scored 
individually by the ten participants and the average score for each IST was then 
presented to the group, as shown in Table 7.40. 
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Criteria 
Weight Cool 
Phase 
Norwood Therma-
cool 
Magna-
tec 
TerOpta Power-
Perfector 
Air-
Site 
Time 19% 6.2 8.8 8.1 10 6.6 9.1 7.3 
Cost 30% 7.5 2.5 8.2 9.3 5 7.1 8.1 
Proven Success 17% 6.1 5.1 6.2 9.2 1.7 8.5 7.8 
Risks 27% 5.6 5.7 6.2 6.1 4.7 6.2 5.4 
Sustainability 7% 7.5 4.4 7.4 8.2 3.6 8.7 8.7 
 
Differentiation 12% 5.7 4.3 6.3 5 3.5 2.8 6.6 
Investment 
Costs 
13% 9.5 6.5 7.7 9.3 3.3 7.6 7.2 
Margin 
Opportunity 
43% 4 4.5 5.2 4.8 2.9 5.9 4.3 
Repeat business 25% 10 5.3 8.7 10 10 9.3 7.9 
Transferability 7% 7.5 7.6 8.6 9.8 5.6 9.2 7.7 
Table 7.40: Average scores before consultation 
The participants had an open discussion facilitated by the analyst to review the 
average score for each IST. During the discussions, participants justified their scores 
and a group consensus was made regarding the final score of each IST. Table 7.41 
shows the average scores after the group discussion, with changes highlighted in bold. 
Criteria 
Weight Cool 
Phase 
Norwood Therma-
cool 
Magna-
tec 
TerOpta Power-
Perfector 
Air-
Site 
Time 19% 6.2 8.8 8.1 10 6.6 9.1 7.3 
Cost 30% 7.5 2.5 8.2 9.3 5 7.1 8.1 
Proven Success 17% 3 5.1 6.2 9.2 1 8.5 7.8 
Risks 27% 5.6 5.7 6.2 6.1 4.7 5 5.4 
Sustainability 7% 7.5 4.4 7.4 8.2 3.6 8.7 8.7 
 
Differentiation 12% 5.7 3 6.3 5 3.5 2.8 6.6 
Investment 
Costs 
13% 9.5 4 7.7 9.3 3.3 7.6 7.2 
Margin 
Opportunity 
43% 4 4.5 5.2 4.8 2.9 5.9 4.3 
Repeat business 25% 7 5.3 8.7 10 10 9.3 7.9 
Transferability 7% 7.5 7.6 8.6 9.8 5.6 9.2 7.7 
Table 7.41: Average scores after group discussion (Note: in bold, scores changed after 
discussion) 
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7.6.8 Step 8: Overall analysis of IST alternatives 
The final step was to select the most appropriate ISTs using the established weighting 
from Step 6 (Section 7.6.6) and IST scores from Step 7 (Section 7.6.7). The results 
were displayed using a DPM matrix (Figure 7.9).  
  
Figure 7.9: Results of Directional Policy Matrix for Study 3 
Based on the participants’ preferences, the DSF identified Magnatech, PowerPerfector, 
Thermacool, Air-Site and Monodraught as the most appropriate ISTs to reduce the 
energy use and carbon emissions and optimise the process of delivering low carbon 
retail buildings.  These were located in the ‘Leader’ cell indicating that these ISTs 
should be explored further, while Norwood and Teropta were located in the ‘Custodial 
Growth’ and ‘Phased Withdrawal’ cell and would not be explored further by Company 
A.  
7.7 Summary of Validation with Organisational Case 
Study 
The validation with Company A confirmed the developed Decision Support Framework 
assisted the decision-makers in the selection process by providing a logical, structured, 
Air-Site 
Thermacool 
PowerPerfector 
Magnatech 
Monodraught 
Teropta 
Norwood 
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transparent framework for the selection of ISTs. A set of selection criteria was 
produced and explained within the context of the case study. Company A regarded the 
selection criteria to be of great importance, structuring the decision-making process 
and improving their understanding of the selection criteria for ISTs. The validation 
process also weighted and ranked the selection criteria and revealed the participants' 
perspectives on the importance of the criteria. A scoring logic was established for the 
selection criteria to select IST and was used to select appropriate ISTs, resulting in a 
database of IST that could support the achievement of low carbon retail buildings. The 
database helps capture the case company's knowledge of a number of ISTs for 
existing retail buildings to reduce energy use and carbon emissions and optimise the 
process of delivering of low carbon retail buildings. It also provides the company with 
an effective mechanism for sharing learning and knowledge across projects/teams.  
7.8 Study 4: Validation with academic professionals 
from the wider construction industry 
The following sections describe the detailed process of the validation exercise, the 
methods used, selection of experts and the findings. Study 4 forms part of the Phase 5 
of the overall research methodology (See Figure 4.1).  
The research was disseminated through two conference presentations to academic 
professionals from the wider construction industry both nationally (Association of 
Researchers in Construction Management ARCOM Conference 2014, UK) and 
internationally (Construction Research Congress 2014, USA). At both conferences, the 
researcher pre-informed the conference organisers of her intent to validate the DSF 
with the wider construction industry. Both conference organisers were supportive and 
provided ample presentation time for data collection. The researcher first provided a 
short presentation (15-20 minutes) on the findings of the research undertaken with 
Company A, this was followed by a 10 minute Q&A session to clarify any questions 
regarding the DSF and its application. At the end of each presentation, questionnaires 
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were distributed to all the participants with an information sheet regarding the research 
and issues of ethics and confidentiality. The questionnaire comprised of three sections: 
(A) Background of respondents, (B) General feedback on the Decision Support 
Framework and (C) Feedback on the Decision Support Framework’s 
methodology/techniques. Sections B and C consisted of semi-closed questions with 
tick-box responses and the opportunity for the participants to provide additional 
comments/suggestions on the DSF and its applicability (Appendix B.7). Participants 
with relevant experience and interest in the research were asked to complete the 
feedback questionnaire. The conference organisers provided some time for the 
completion of the questionnaires, but all participants suggested they would complete it 
and send their responses via email. Ten questionnaires were distributed in the CRC 
conference and 20 at the ARCOM conference. The researcher received 13 completed 
questionnaires (four from CRC and nine from ARCOM).  
7.8.1 Background of respondents 
The researcher was unaware of the participants, their skills and knowledge in the 
subject area. This section of the questionnaire was to identify if the participants were 
appropriately placed to validate the DSF. Table 7.42 shows the profiles of the 
participants in terms of their organisation, job designation, area of expertise, 
qualification and years of experience. The participants were mostly from academic 
institutions with expertise in the research area and actively involved in improving the 
energy use and carbon emission of buildings; some had an additional role as 
consultant in the construction industry. The participants thus had the required expertise 
to validate the feedback and provide useful and relevant comments.   
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 Organisation Designation Expertise Qualification Years of 
Experience 
1 University of Florida Professor/ 
Consultant 
Technological 
Innovation 
Engineering 
Doctorate 
15 
2 University of Cape town Senior 
Lecturer 
Construction 
Management 
PhD 25 
3 Edinburgh Napier 
University 
Lecturer/ 
PhD Student 
Environmental 
sustainability 
PhD In 
progress 
7 
4 Oregon State University Asst. 
Professor 
Energy Retrofits PhD 7 
5 University of Brighton Lecturer Stakeholder 
engagement 
PhD 20 
6 Northumbria University Lecturer/ 
Consultant 
Sustainable 
Buildings 
MSc 5 
7 Northumbria University Senior 
Lecturer 
Surveying PhD 7 
8 Reading University PhD Student Decision-making BEng, MSc 2 
9 University of Leeds PhD Student Sustainable 
construction 
MSc 8 
10 University of Brighton PhD Student Sustainable 
refurbishment 
MSc 8 
11 University of West England Lecturer/ 
PhD Student 
Energy efficiency 
refurbishment 
MSc 5 
12 Northumbria University PhD Student Sustainable 
Buildings 
Msc 4 
13 University of Salford PhD Student Architect MSc 3 
Table 7.42: Profile of the Study 4 Respondents 
Tables 7.43 and 7.44 show the general feedback on the Decision Support Framework  
and its methodology/techniques. 
7.8.2 General feedback on the Decision Support Framework  
All the participants agreed that the Decision Support Framework addresses the 
complex problem faced by stakeholders in selecting ISTs; 85% of participants agreed 
the framework was quite significant while 15% suggested it was useful but not 
significant. All the participants also agreed the framework was highly capable (31%) or 
capable (69%) of assisting stakeholders in the selection of ISTs. The Decision Support 
Framework was considered simple, clear and easy to understand and use by 92% of 
the participants while 8% were of the opinion that the framework would need a 
facilitator. The framework and its layout were described by the majority of the 
participants as comprehensive (62%), while 38% suggested it was adequate.  
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The general feedback by the majority of the participants was positive, as shown in 
Table 7.43. Suggestions included providing additional notes to increase clarity for 
future users of the Decision Support Framework. This has been taken into 
consideration when developing the Decision Support Framework, providing a step by 
step process for future users (Section 6.4). 
Questions 
 
Answers 
1. Does the framework address the 
complex problem faced by 
stakeholders in selecting ISTs? 
Yes, quite 
significant   
(85%) 
Yes, but not 
significant   
(15%) 
No, would make 
no difference  
(0%) 
Not sure of its 
significance  
(0%) 
2. Would you say the framework is 
capable of assisting stakeholders 
in the selection of IST? 
Yes, highly 
capable  
(31%) 
Yes, 
capable  
(69%) 
No, not capable  
(0%) 
Not sure of its capability  
(0%) 
3. Would you say the framework is 
simple, clear and easy to 
understand and use with little or no 
practical difficulties? 
Yes 
(92%) 
No 
(8%) 
It is not simple as it would need a facilitator 
4. What is your opinion on the 
description of the framework and 
its layout? 
Comprehensive 
(62%) 
Adequate 
(38%) 
Poor 
(0%) 
  
5. In your opinion, are there any 
further matters of importance which 
ought to be included in the 
framework or considered? 
Yes 
(92%) 
No  
(8%) 
Notes would be needed to explain how to 
develop a matrix of pair-wise comparison 
criteria, calculate normalised weights of 
criteria and consistency ratio 
Table 7.43: General Feedback on the framework 
7.8.3 Feedback on the framework’s methodology/techniques 
Participants were also asked to provide feedback on the Decision Support 
Framework’s methodology and applied techniques. All participants considered the AHP 
selected to weigh and rank the selection criteria very suitable (58%) or suitable (42%). 
They also considered the method adopted to evaluate the selection criteria to rate the 
ISTs as very suitable (77%) and suitable (23%). The majority of the participants (85%) 
considered the methods used to rate the ISTs to be suitable and did not suggest any 
alternative methods. However, some participants (15%) suggested including the life 
cycle analysis of the technologies and fuzzy logic. The established selection criteria to 
evaluate and rate the ISTs were considered very suitable (23%) and suitable (77%) by 
all the participants. 92% of the participants did not suggest any additional criteria to add 
to the list, while 8% suggested including risks to the contractor.  
 275 
 
The feedback regarding the methodology and techniques was considered by all as very 
suitable or suitable, as illustrated in Table 7.44. 
Questions 
 
Answers 
1. What is your opinion on the 
scale of ‘1-9’ adopted for pair-wise 
comparison of the selection criteria 
and rating the ISTs? 
Very suitable  
(58%) 
Suitable  
(42%) 
Not suitable  Not sure of its suitability 
2. What is your opinion on the 
approaches/methods used for 
evaluating the selection criteria in 
rating the ISTs? 
Very suitable  
(77%) 
Suitable  
(23%) 
Not suitable  Not sure of its suitability 
3. Are there any further 
approaches/methods, which in your 
opinion are important to consider in 
rating the ISTs against the criteria? 
Yes 
(15%) 
No 
(85%) 
You may want to consider including some 
aspects of life cycle analysis of the 
technologies.  
The new technologies sometimes cost more 
initially and this can cause resistance. 
A suggestion - fuzzy logic  
4. What is your opinion on the set 
of criteria used in evaluating and 
rating the ISTs? 
Very suitable 
(23%)  
Suitable 
(77%)  
Not 
suitable  
(0%) 
Not sure of its 
suitability 
(0%) 
 
5. In your opinion, are there any 
other important criteria that were 
not considered? 
Yes  
(8%) 
No   
(92%) 
I would have said the contractors also have 
risks; non-completion/comprehension of the 
new technologies 
Please provide any other general 
comments that you have on the 
framework or suggestions for 
improvement. 
A layman might not be able to use this tool due to the technicalities involved. 
Good, clearly set out. Could be beneficial if disseminated sufficiently and 
understood. 
I like the MCDA framework - seems fairly easy to understand and potentially use. 
The mechanism for agreeing the weighting and scoring between different/ 
current projects might be challenging. Will criteria/weighting vary between 
projects and how will they be set up? 
I only had a few minutes to understand the framework, but the complex decision- 
making process under MCDA can be simplified and improved. 
I think considering the importance of the stakeholders you identified, the ‘1-9’ 
scale produced more reliable results due to more accurate pair-wise 
comparisons compared to a ‘1-1’ scale. Generally more complex scales ‘1-9’ 
requires more detailed information regarding the relative importance which you 
have done 
I think it is a really interesting research work that should hopefully help 
stakeholders in selecting IST. 
It is a very good piece of work, but I really doubt if a lay man or the entire 
stakeholders will have a good understanding of the framework. If the framework 
can be clearer that will be excellent but overall an impressive research. 
The research has been conducted in a very well structured manner. The only 
additional comment I have is about durability and life cycle cost of innovative and 
sustainable technologies as this sometimes causes resistance/reluctance from 
end users. 
Will the framework be presented in a more portable, usable way to the final 
users e.g. in form of a tool? Will users be able to customise in their own criteria 
or is it going to be fixed? 
Table 7.44: Feedback on the framework’s methodology/techniques 
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7.8.4 Summary of Validation with wider construction industry 
As can be observed from the results in Section 7.8.2 and 7.8.3, most of the 
respondents agreed that the Decision Support Framework addresses the complex 
problem faced by stakeholders in selecting ISTs and is capable of assisting 
stakeholders in the selection process. This suggests the framework would be useful for 
the selection of ISTs. With regard to comprehensibility, most participants thought the 
Decision Support Framework was clear and simple to understand. The proposed 
approach for evaluating the selection criteria was considered suitable and the scale for 
rating the methods was deemed appropriate. By and large the opinions of the 
respondents were in favour of the Decision Support Framework, suggesting it as a 
valuable framework for the selection of ISTs both nationally and internationally.  
7.9 Summary 
This chapter demonstrated the use of the Decision Support Framework to select 
appropriate ISTs to achieve low carbon retail buildings. The framework was tested in a 
Pilot Study with Company A, and resulted in the successful selection of eight ISTs. 
Company A currently selects ISTs on an ad-hoc basis; therefore, the framework was 
considered useful and effective as it is based on a structured process and provided a 
solution to their real-world business problem and reflected the concerns of the key 
stakeholders. The Decision Support Framework was also validated with 13 
construction professionals from the wider construction industry both nationally and 
internationally. The research process and framework was considered valuable and 
useful in addressing the challenges facing the retail construction industry. Although the 
validation results were found to be positive by the majority, it was suggested that it 
would be helpful to provide it via user-friendly software that the stakeholders could use 
without the help of a facilitator. 
Overall, the validation results were positive, with the majority of the participants in 
favour of the DSF, indicating that this is a valuable framework for the selection of ISTs 
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for retail buildings and also applicable to other building types nationally and 
internationally. This represents a positive contribution to the body of knowledge and 
practice of sustainability within construction organisations. The DSF can now be 
recommended to other stakeholders, subject to future modifications that can improve 
its acceptability and performance. 
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  Chapter 8
Discussion 
8.1 Introduction 
This chapter discusses the results presented in the preceding chapters (Chapters 5, 6 
and 7) in relation to the existing body of knowledge (Chapters 2 and 3). The discussion 
presented is guided by the following four questions: (a) How the results fit into the body 
of existing knowledge? (b) Do they give new insights? (c) Are they consistent with 
current theories? and (d) Do they suggest new theories?  
This research was part of an EPSRC CASE project in collaboration with a UK retail 
contractor, referred to as Company A in this document. There has been an increasing 
demand from retail clients of Company A to use innovative sustainable technologies to 
deliver low carbon retail buildings. Company A was keen to help its clients; however, it 
was facing challenges selecting appropriate ISTs, despite the availability of several 
potential ISTs. The selection of appropriate ISTs was observed to be a common 
problem faced by stakeholders in the retail construction industry. A multi-phase mixed 
method approach using an action research and case study was selected as the most 
appropriate approach to identify and address the real-world problem of selecting ISTs 
(Section 4.4.1). The aim was to identify the problem not only from within the case study 
company but also from the broader view of the wider construction industry, and to 
develop a solution that would be applicable to all stakeholders in the retail construction 
industry, and also to contribute to the body of knowledge.  
The discussion of the results is presented by answering the following secondary 
research questions established in Section 1.4: 
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1. How can ISTs assist in achieving low carbon retail buildings? 
2. Why is there a slow uptake of ISTs in existing retail buildings? 
3. What is the gap in current decision-making methods used in selecting ISTs for 
existing retail buildings and how can it be improved? 
4. How can the selection of ISTs be optimised to improve the uptake in the retail 
construction industry? 
5. Can the selection of ISTs be optimised by the use of a Decision Support 
Framework? 
The chapter concludes by answering the primary research question ‘How can the 
uptake of ISTs be optimised for existing retail buildings to reduce energy use and 
carbon emissions, and improve the process of delivering low carbon retail buildings?’   
8.2 Research Question 1 
‘How can ISTs assist in achieving low carbon retail buildings?’ 
To answer this question the researcher reviewed the use of ISTs and how they could 
be used to achieve low carbon retail buildings. This was carried out as a desktop study 
based on literature review (Section 2.4). 
The researcher first carried out a review of literature in order to understand the 
environmental impact of retail buildings in comparison to other building types. Retail 
buildings in the UK were identified as emitting the highest amount of carbon emissions 
and also being the highest energy user amongst the non-domestic buildings (GCB, 
2013), and accounting for 45% of the total value of commercial real estate (BPF, 2014). 
The literature review highlighted the scale and importance of improving the building 
performance of existing retail buildings in the UK (Section 2.3).  
The use of ISTs has been identified by stakeholders in the construction industry as one 
of the cost efficient and effective ways of delivering low carbon retail buildings (Carbon 
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Trust, 2009; LCICG, 2012). A review of retailers’ websites and online searches 
revealed that a few leading retailers are using ISTs but the majority of retailers are 
discouraged from adopting ISTs due to the higher upfront costs and risks. To avoid 
these negative outcomes, a few retailers (such as M&S, Tesco and Sainsbury’s) have 
developed an adoption strategy in which ISTs are experimented with by first trialling in 
store or in a laboratory, and depending on the success of the technology are then 
rolled out in  other stores, as illustrated in Figure 8.1. 
 
Figure 8.1: Leading retailers’ strategy for adopting ISTs 
Such retailers understand that although ISTs are uncertain and risky, they have a 
potential to assist in achieving low carbon retail buildings. These retailers are pioneers 
and ‘early adopters’ in the process of diffusing ISTs and are on the lookout for potential 
ISTs that can assist in reducing energy use and carbon emissions and improving the 
process of delivering low carbon retail buildings. The ‘early adopter’ retailers have also 
published their success stories and provided evidence that the use of ISTs can assist 
in achieving low carbon retail buildings (Section 2.4.1). However, not all retailers can 
adopt such experimentation strategies and this has contributed to the slow uptake of 
ISTs in the retail construction industry.  
Several studies showed that the use of ISTs can assist in achieving low carbon retail 
buildings and provide benefits to all the stakeholders, but there has been a slow 
uptake. Given this conclusion, the research leads to the next question, ‘Why is there a 
slow uptake of ISTs in existing retail buildings?’  
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8.3 Research Question 2 
‘Why is there a slow uptake of ISTs in existing retail buildings?’ 
In an attempt to answer this question, the researcher investigated the perspectives of 
various stakeholders on the selection of ISTs for existing retail buildings. This involved 
an extensive literature review followed by an exploratory study (Phase 1) with 
stakeholders from the wider construction industry in order to identify the drivers for and 
barriers to the use of ISTs for existing retail buildings (Section 5.2.2).  
The literature review identified a wide range of drivers and barriers in the construction 
industry, such as: the drivers for and barriers to sustainable buildings (Häkkinen & 
Belloni, 2011); barriers to and driving forces for industrial energy efficiency 
improvements in African industries (Apeaning & Thollander, 2013); barriers to energy 
efficiency in small scale industry, India (Nagesha & Balachandra, 2006); and drivers for 
and barriers to using alternative energy technologies in buildings (Cooke et al., 2007). 
Other studies focussed on barriers to the diffusion of energy-efficient technologies 
(Trianni, Cagno & Worrell, 2013); drivers for and barriers to implementing renewable 
energy technologies in Bangladesh (Alam Hossain Mondal et al., 2010); and factors 
affecting the implementation of green specifications in construction (Lam et al., 2010).  
The literature also explores barriers to and drivers for green supply chain management 
(Dashore et al., 2013); barriers to innovation and diffusion of cleaner technologies 
(Foxon & Pearson, 2008); barriers to and driving forces for cost-effective energy 
efficiency investments (Thollander & Ottosson, 2008); drivers for using off-site 
manufacturing (OSM) systems in house building industry (Elnaas, Gidado & Ashton, 
2014); barriers to sustainable construction in the Ghanaian Construction Industry 
(Djokoto et al., 2014); and ‘What is stopping sustainable building in England?’ (Williams 
& Dair, 2007). These previous studies were focussed on specific building types, 
specific technologies, applicable to specific countries or too generic for buildings. From 
the literature review, the researcher identified there was no previous research based on 
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the drivers for and barriers to using ISTs for existing retail buildings; hence the gap in 
knowledge.  
Although the findings from the previous research can be generalised and provide a 
broad overview of the drivers for and barriers to using ISTs for existing retail buildings,  
these studies do not always provide a valid perception. This is often due to the different 
occupiers which is a large determinate upon the energy use of the building and the 
type of ISTs required. For example, within the commercial sector there are a diverse 
range of building types such as retail, offices and industrial premises (warehouses and 
most types of factory), and ‘other commercial’ types typically used for business 
purposes such as leisure (cinemas, fitness clubs and gyms, leisure parks, etc.), hotels, 
petrol stations and other miscellaneous types. Each building type has its own set of 
specific drivers and barriers related to the building owners and users. Therefore it is 
important to understand the factors for and against using ISTs in the context of specific 
buildings and users. 
Having identified the gaps in knowledge from the literature review, an exploratory study 
(Phase 1) was conducted with stakeholders from the wider retail construction industry. 
The aim was to understand stakeholders’ perceptions in the selection of ISTs for 
existing retail buildings and the reasons for the slow uptake. The exploratory study 
reviewed sustainable building practice in retail construction, and identified the main 
drivers for and barriers to selecting ISTs for existing retail buildings (Section 5.2.2). The 
results from the exploratory study confirm the findings from the literature review that 
retailers can improve their environmental performance and make cost savings that will 
improve profitability and competitiveness (BRC, 2014a; WSBF, 2013). The results also 
identified that stakeholders associate barriers with adopting ISTs, which are likely to 
explain the discrepancy between their positive attitudes and negative adoption 
intentions. The selection of ISTs was identified as a complex multi-dimensional 
decision-making problem made up of a number of aspects at different levels 
(economic, technical, environmental, political and social) and multiple stakeholders with 
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conflicting requirements. The complex task of selecting ISTs was perceived to be the 
underlying cause that has contributed to the slow uptake of ISTs in the retail 
construction industry.  
The results of the exploratory study proved an important first step to identifying 
potential antecedents of stakeholders’ perception in the selection of ISTs for existing 
retail buildings and as a starting point to exploring the underlying causes for the slow 
uptake of ISTs in the retail construction industry. This leads to addressing the next 
research question ‘What is the gap in current decision-making methods used in 
selecting ISTs and how can it be improved?’  
8.4 Research Question 3 
‘What is the gap in current decision-making methods used in selecting ISTs              
and how can it be improved?’ 
To address this question, the researcher conducted an in-depth case study with 
Company A at the group, subsidiary and project level. The aim was to explore the 
problem in detail, review the current decision-making methods of selecting ISTs in the 
retail construction industry and understand the gap in current decision-making methods 
used (Phase 2, described in detail in Section 5.3). A mixed method approach was 
adopted comprising desktop analysis, reviewing company documents, informal 
discussions with construction professionals from Company A and an online innovation 
value chain questionnaire survey.  
The researcher compiled a list of retail projects completed by Company A over the last 
five years and the innovative sustainable technologies implemented, using desktop 
analysis and reviewing company documents. The database revealed that even though 
there are several potential ISTs available in the market to deliver low carbon retail 
buildings, however Company A mainly used established and matured sustainable 
technologies on their projects (Section 5.3.1). The results from the desktop analysis 
were consistent with the findings from the literature review, which indicate that whilst 
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there are several ISTs available with many more emerging that can provide sustainable 
retail buildings, there has been a slow uptake of ISTs (Carbon Trust, 2009; LCICG, 
2012; Trianni, Cagno & Worrell, 2013). 
Due to government and legislative pressures, retail clients of Company A are now 
increasingly demanding ISTs to deliver low carbon retail buildings. At the same time, 
Company A is also facing pressures from suppliers of ISTs. As a result, Company A is 
facing pressures from both retail clients demanding ISTs and the suppliers of ISTs. 
Although the company is in a strategic position (between the demand and supply side) 
and could optimise the uptake of ISTs by playing the role of an innovation broker, it is 
facing challenges selecting appropriate ISTs. This is a common problem faced also by 
other stakeholders in the retail construction industry. The task of selecting ISTs is 
considered as a complex multi-attribute, multi-valued problem involving a large number 
of stakeholders with multiple, often conflicting, objectives, risks and uncertainty (Løken, 
2007; Wang et al., 2009). 
Despite the potential benefits of using ISTs to deliver low carbon retail buildings, the 
opportunity has not been capitalised on; indicating the possibility of an underlying 
problem. Therefore, the researcher explored the problem further with Company A to 
understand the innovation process and the current methods used for selecting ISTs. A 
questionnaire survey (IVC) was used with expert professionals from the group, 
subsidiary and project level of Company A (Sections 5.3.2 and 5.3.3). The aims were 
firstly to establish a definition for ISTs and how it was interpreted by Company A, 
secondly, to understand the current state of art for selecting ISTs, and thirdly to identify 
the strong and weak links in the innovation process of Company A. The results from 
the IVC survey will be discussed using the stated aims. 
1. Definition of ISTs: The term was described differently by the participants 
based on their different job roles (Section 5.3.2). Drawing on the existing body 
of knowledge and the responses from the participants, IST is defined in this 
study as ‘An innovative sustainable technology is not necessarily a new 
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invention but a technology that is new to the business that can reduce energy 
use and carbon emissions, optimise the process of delivering low carbon retail 
buildings and provide a source of competitive advantage’. 
2. Current state of art for selecting ISTs: The majority of the participants 
considered the selection of ISTs as very difficult and difficult, due to the large 
number of alternatives, high degree of uncertainty, ambiguity and associated 
risk (Section 5.3.2). This was consistent with the findings from the literature 
review that the selection of ISTs is a strategic decision for a contractor that is 
usually based on information that is abundant, but imprecise and difficult to sort 
and select (Merad et al., 2013). A number of factors that influence the decision-
making process were identified (such as environmental, economic, social and 
technical factors) making it a multi-dimensional problem (Cavallaro, 2009; 
Kahraman & Kaya, 2010). The process is further complicated by the many 
decision-makers involved (clients, architects, contractors, engineers, 
construction managers, etc.) with each playing a different role in the selection 
process (Yin & Menzel, 2011).  
Although Company A has a well-established supply chain that focusses on 
established and matured sustainable technologies, the results identified that 
Company A did not have a structured process for the selection of ISTs. The 
majority of the participants were in agreement that the use of a structured 
Decision Support Framework could assist in the selection process. In many 
instances the Company is reluctant to select an IST due to the complex 
decision-making problem and uncertainty as they are unable to quantify the 
benefits prior to implementation (Tan, Shen & Yao, 2011b). Selection is 
currently done on an ad-hoc basis using trial and error or simply on the basis of 
past experience. This has led to compromised and unpredictable outcomes 
(Jahan & Edwards, 2013).  
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3. Innovation process of Company A: The analysis of the IVC questionnaire 
survey identified Company A had the highest score (total score of 338) in the 
idea generating phase indicating the company was weak in generating 
innovative solutions. Followed by the idea conversion phase (195) and the idea 
diffusion phase (141).   
The results confirmed that Company A is facing challenges selecting ISTs 
(Section 5.3.3). This could be attributed to the fact that Company A does not 
have a structured process to assist in the selection process.  
The complex task of selecting appropriate ISTs has dissuaded the business from using 
ISTs and was identified as the underlying problem which has led to the slow uptake of 
potential ISTs. This was confirmed by the IVC analysis which highlighted the selection 
process as the weakest link in the innovation process of Company A; which is currently 
considered by the majority of the participants as a very difficult or difficult task as there 
is currently no selection system. The use of a structured decision support would be 
useful. 
The selection of appropriate ISTs has been identified as a general problem faced by 
stakeholders in the retail construction industry. Stakeholders’ reluctance to adopt ISTs 
has created a chasm in the diffusion process between the early adopters and major 
adopters (mainstream). Several other studies showed that there is a need to overcome 
this chasm, which can be achieved by the selection and implementation of ISTs 
(Balachandra, Kristle Nathan & Reddy, 2010). Egmond, Jonkers and Kok (2006) 
suggests the chasm can be crossed by first finding a niche segment in the mainstream 
and eventually winning over the rest. Contractors are key stakeholders in the design 
and construction of retail buildings. They can also act as innovation brokers and 
facilitate the uptake of ISTs due to their strategic position between the IST suppliers 
and retail clients. However, contractors need to be able to make the strategic selection 
before promoting the ISTs amongst their clients. This is a strategic decision that would 
require changes in the organisation and strategies that support it (Akadiri, Olomolaiye 
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& Chinyio, 2013; Davoudpour, Rezaee & Ashrafi, 2012; Jahan & Edwards, 2013; 
Shengbin & Bo, 2011).  
The result of the in-depth case study with Company A (Phase 2) identified the lack of a 
structured decision-making process for selecting ISTs and also highlights the gap in 
knowledge and the need for a Decision Support Framework to assist stakeholders 
(Section 5.3). This leads to the next research question ‘How can the selection of ISTs 
be optimised to improve the uptake in the retail construction industry?’ 
8.5 Research Question 4 
‘How can the selection of ISTs be optimised to improve the uptake in the retail 
construction industry?’ 
To answer this question, the researcher first reviewed existing decision-making 
systems and methodologies and how they can be applied to the selection of ISTs for 
existing retail buildings, based on an extensive literature review (Chapter 3).  
The researcher reviewed existing decision-making methods and methodologies 
suitable for the selection problem. Multi-criteria decision analysis (MCDA) was 
identified as the most appropriate methodology capable of dealing with the strategic 
selection of ISTs for the following reasons:  
1. MCDA methods can aid the decision-maker as it is capable of dealing with 
multiple dimensions of selection problems, and of solving conflicting social, 
environmental, political and technical issues inherent in ISTs. 
2. They can also help decision-makers make more consistent and rational 
evaluations of risk and uncertainty and take into account the different 
perspectives of the decision-makers, and can facilitate the decision process and 
documentation on how decisions are made (Kahraman & Kaya, 2010). 
3. MCDA methods offer a framework wherein differing opinions, priorities and 
values may be dealt with in a structured process that considers decision factors, 
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ranks factor criteria, and allocates weights to factors so that results reflect the 
appropriate priority of each factor considered (DCLG, 2009). 
4. MCDA methods can aid decision-makers and be used as an interactive learning 
tool (Omann, 2000). 
The review of literature identified that there are currently several selection methods, 
support tools and frameworks for selecting specific building components or 
construction systems (Section 3.6). However, these are not appropriate for the 
selection of ISTs for existing retail buildings due to the following reasons: Firstly, these 
studies are too generic for direct use by stakeholders in the retail construction industry, 
as they do not focus on the retail sector or consider the context in which they operate. 
Secondly, most of the selection methods are based on a set of objectives and criteria 
that overemphasise the quantitative and financial criteria and overlook qualitative 
factors such as environmental sustainability. Thirdly, the current decision-making 
systems do not reflect the objectives and selection criteria of stakeholders in the retail 
construction industry. Using such existing tools would lead to the selection of ISTs that 
are not relevant and suitable for retail buildings.  
The researcher identified that although the evaluation and selection of sustainable 
technologies for buildings has been widely studied, there is no set of selection criteria 
specifically for the selection of ISTs for existing retail buildings, reflecting the criteria, 
values and weightings of the key stakeholders. Hence, there is a demand for a 
systematic and effective Decision Support Framework based on a list of holistic criteria 
reflecting the objectives of the stakeholders in the retail construction industry. 
A novel Decision Support Framework (DSF) is proposed, based on the MCDA 
methodology and building on the previous works. The DSF is a support aid that will 
facilitate the decision process, and the outcomes are determined by the decision-
makers’ preferences. The proposed DSF is a combination of two decision-making 
methods; analytical hierarchy process (AHP) and directional policy matrix (DPM) and 
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comprises eight steps (Section 6.4). The two methods were combined to compensate 
for the disadvantages of one method with the advantages of the other (Section 6.3). 
Each method (AHP & DPM) has been used separately (Akadiri, Olomolaiye & Chinyio, 
2013; Amatulli, Caputo & Guido, 2011; Davoudpour, Rezaee & Ashrafi, 2012; Wong & 
Li, 2008; Yang & Ogunkah, 2013) or in combination with other methods for selection 
problems (Ali Khatami Firouzabadi, Henson & Barnes, 2008; Barone, Errore & 
Lombardo, 2014; Duan & Burrell, 1995; Zeydan, Çolpan & Çobanoğlu, 2011), but such 
a combination has not been used before.  
The novel DSF will assist stakeholders in the retail construction industry to select ISTs 
and is designed as a strategic tool for decision-maker(s) at the senior management 
level. The DSF would provide a systematic and effective evaluation support based on 
stakeholders’ objectives, and facilitate the decision-making process. The decisions 
would be based on establishing criteria values, weighting the criteria and evaluating 
ISTs alternatives using stakeholders’ opinions. It is believed the DSF will promote the 
uptake of ISTs in the retail construction industry, and also overcome the barriers to the 
slow uptake of ISTs. The framework can be used as an interactive tool with the 
decision-makers. An analyst would be needed to facilitate the decision process, but the 
actual decisions will be made by the decision-makers. Such an approach was adopted 
to involve the decision-makers in the selection process. The aim was to provide the 
decision-makers with the knowledge of potential ISTs, so they could promote the 
technologies amongst their team and clients. 
In conclusion, this research proposes that the selection of ISTs can be optimised by 
using the proposed DSF, which will provide a practical solution to the complex 
decision-making problem of selecting appropriate ISTs for existing retail buildings and 
will optimise the uptake. This leads to the next research question ‘Can the selection of 
ISTs be optimised by the use of a Decision Support Framework?’ 
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8.6 Research Question 5 
‘Can the selection of innovative sustainable technologies be optimised                        
by the use of a Decision Support Framework?’ 
To address this question, the researcher validated the Decision Support Framework 
(DSF) in two stages. Firstly, the DSF was validated by testing it within Company A to 
select ISTs in a real context (Section 7.3). Secondly, a more general validation was 
conducted to ensure the DSF was applicable to the wider construction industry to 
optimise the selection of ISTs and not limited to the organisational case study (Section 
7.8).  
The first stage of the validation involved a Pilot Study to test the DSF with Company A. 
The Pilot Study comprised: (a) testing the DSF to select ISTs (Study 1), (b) feedback 
study to improve the DSF (Study 2), and (c) re-testing the refined DSF (Study 3).  
Results of Study 1 and 3 (of the Pilot Study) resulted in the successful selection of 
three (Section 7.4) and five suitable ISTs (Section 7.6) respectively to reduce energy 
use and carbon emissions and optimise the process of delivering low carbon retail 
buildings.  
The next section explains in detail how the DSF has optimised the selection of ISTs 
and overcome the problems faced by Company A (and also stakeholders from the 
retail construction industry) in the selection process. 
8.6.1 Group decision-making problem 
The selection of ISTs is a strategic decision that needs the support of the senior 
management level and also the support of the technical team to make a right decision. 
It is best to make such a decision collectively and involve the key decision-makers.  
For example, one of the selected ISTs suppliers who was amongst the final selected 
suppliers of ISTs from the Pilot Study (referred to as Supplier 1) had previously 
contacted Company A. Supplier 1 had five meetings with three different construction 
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professionals from Company A (Design Manager, Project Manager and Business 
Manager) between October 2011-June 2012, whom he met separately, and they were 
all interested in the IST. However, neither of the professionals from Company A were 
able to make the decision to select the IST for nine months. The researcher had 
informal discussions with the three construction professionals from Company A, and 
they confirmed the IST was suitable; however, they mentioned their inability to make a 
‘stand-alone’ decision and the need for a collective decision to be made by all the 
decision-makers. For example, the Business Manager is involved in a client facing role 
and can suggest ISTs to clients. However, due to his job role, he does not have the 
technical know-how to decide which IST to select. On the other hand, Design 
Managers and Project Managers have the technical know-how of the IST as they are 
involved in the design and construction of retail buildings, but are not in a position to 
make the decision to select. Although, all three construction professionals were key 
decision-makers in the process of selecting ISTs, they needed to make a collective 
decision. Therefore, the DSF is designed to be used with a group of key decision-
makers to assist in making a collective decision to select suitable ISTs.  
8.6.2 Identification of key stakeholders  
There are various stakeholders involved in the selection of ISTs, all of whom have 
specific interests, needs and concerns due to the different roles and duties they each 
have to play and this complicates the decision-making process (Section 2.6). It is 
difficult to satisfy all the stakeholders, but is important to identify and manage the key 
stakeholders by evaluating their needs and expectations in relation to the project 
objectives (Olander, 2007).   
Stakeholder analysis has been suggested by various authors (Bourne & Walker, 2005; 
Olander, 2006; Walker, Bourne & Shelley, 2008; Yang et al., 2009) to identify the key 
stakeholders who can influence the selection process. Chinyio and Olomolaiye (2010) 
suggests first identifying and analysing the stakeholders and focusing on specific 
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groups, followed by mapping and visualising each stakeholder’s interest and influence. 
This would provide an in-depth understanding of each stakeholder’s objectives to be 
incorporated which could optimise the selection process. Therefore, Step 1 of the DSF 
conducts a stakeholder analysis to identify the key stakeholders in the selection of 
ISTs.  
Step 1 of the Pilot Study identified clients/developers and designers/constructors as the 
key stakeholders with a high level of influence and importance in the selection of ISTs 
for existing retail buildings (Section 7.4.1.3). Other researchers have also identified 
these two groups as key stakeholders. For example Majdalani, Ajam and Mezher 
(2006) identified that owners/developers play a key role in defining the opportunities to 
advance sustainable development as they are responsible for developing and financing 
construction projects. According to Akadiri, Olomolaiye and Chinyio (2013) 
clients/developers can promote sustainable construction since they represent the 
demand of the building sector. Similarly, Femenias and Kadefors (2011) suggests that 
construction clients can take a leading role in innovation for low energy and sustainable 
building. For example retailer M&S is encouraging the use of ISTs to deliver low carbon 
retail buildings. All these studies confirm that the client/developer is a key stakeholder 
in the design and construction of low carbon buildings and exerts pressure on the other 
stakeholders (Gann et al., 2000).   
Similarly, designers/constructors have also been identified as key stakeholders as they 
are responsible for transforming clients’ requirements into a constructed facility 
(Fagbenle, Makinde & Oluwunmi, 2011), serving as the key pointer for the procurement 
of the entire project for the Client (Udeaja, 2002). They are a link between suppliers 
and users of ISTs (Beerepoot & Beerepoot, 2007; Miozzo & Dewick, 2002; Winch & 
Courtney, 2007) and have contacts with both the institutions developing new products 
(materials and components suppliers, developers of energy appliances, specialist 
consultants) and the ones that need to adopt these innovations (clients, regulators and 
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professional institutions). They play an important role in promoting ISTs in the retail 
construction industry (Tan, Shen & Yao, 2011b). 
During the Pilot Study it was identified there were several stakeholders involved in the 
selection of ISTs. However, the selection process was optimised by identifying the key 
decision stakeholders and focusing on these.  
8.6.3 Identification of key stakeholders’ selection criteria 
It is also important to determine the key stakeholders’ selection criteria for selecting 
ISTs. This would assist in optimising the selection process by selecting suitable ISTs 
that satisfy their selection criteria. 
Although several sets of selection criteria have been developed for other building 
types, specific building components/systems and technologies, there is no set of 
selection criteria specifically for the selection of ISTs for retail buildings, which reflect 
the criteria, values and weights of the key stakeholders. For example Chen, Okudan 
and Riley (2010) identified 7 criteria and 33 sub-criteria (sustainable performance 
criteria) for the selection of construction methods for concrete buildings. Similarly, 
Akadiri, Olomolaiye and Chinyio (2013) identified 6 criteria and 24 sub-criteria 
(sustainable assessment criteria) for the selection of sustainable building materials for 
the UK building industry and Pan, Dainty and Gibb (2012) identified 9 criteria and over 
50 sub-criteria for assessing building technologies for UK house building organisations. 
These studies do not focus on the retail sector and the stakeholders’ needs, taking into 
account the context in which they operate and are therefore not appropriate for the 
selection of ISTs for retail buildings. Therefore, Step 3 of the DSF aims to identify the 
key stakeholders’ selection criteria.  
In the Pilot Study with Company A, three sets of criteria were identified; initial, potential 
and final. The initial criteria reflected the overall goal and objectives of Company A for 
selecting ISTs. Secondly the researcher established a potential set of selection criteria 
applicable to the selection for ISTs for retail buildings from literature review. Thirdly, a 
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final set of criteria used by clients/developers (proven success, time, cost, sustainability 
and risks) and designers/constructors (repeat business, differentiation, transferability, 
margin opportunity and investment costs) was established by Company A (Section 
7.4.3.3). The final set of criteria established was also considered as suitable and very 
suitable for selecting ISTs for retail buildings by stakeholders from the wider 
construction industry (Section 7.8.3). 
Therefore the selection process was optimised by identifying the key stakeholders’ 
selection criteria. 
8.6.4 Screening of potential alternative ISTs 
The decision to select ISTs is a strategic decision for many organisations in order to 
maintain a sustainable competitive advantage (Tidd & Bessant, 2014). The selection 
process requires the corporate or senior management of construction firms to analyse 
the potential of new technology in their business case and make definite decisions of 
adoption of technologies providing a competitive edge to the firm. These members are 
keen to use ISTs, but they do not have the time to explore all the numerous ISTs 
available. As a result, several potential ISTs are never even considered.  
Therefore Step 5 of the DSF aims to optimise the selection process by filtering out the 
unsuitable and presenting a few suitable potential ISTs to the senior management to 
consider and make a decision. A three stage selection process is proposed to optimise 
the selection process; pruning, screening and selection (Section 7.4.5). The first two 
selections are done by the analyst using the initial set and final set of criteria 
established by the decision-makers. The analyst explores 20-30 ISTs, but only the few 
suitable and appropriate ISTs (maximum of seven) are selected and presented to the 
decision-makers. This optimises the selection process by reducing the valuable time of 
the key decision-makers spent on unsuitable ISTs and focussing it on the final set of 
alternative ISTs that are more important. 
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8.6.5 Systematic structured selection process 
The underlying problem for the slow uptake of ISTs was identified as the complex 
decision-making problem and the lack of a systematic selection method and process to 
prioritise and assign weights to relevant criteria for the selection process (Section 
5.3.2). As a result, selection of ISTs is done on an ad-hoc basis with a group of key 
decision-makers and there is often a conflict in agreement and not all the decision -
makers’ preferences are taken into account.  
Therefore Step 6 of the DSF was designed to overcome the complex decision-making 
problem, in which the complex problem is broken down into a hierarchy of criteria that 
can be easily analysed and compared in an independent manner. The analytical 
hierarchy process (AHP) is used to weigh and rank the final set of selection criteria and 
the consistency ratio (CR) indicates whether logical and consistent decisions have 
been made by the decision-makers, so that a group consensus can be established 
(Section 6.4.6). The selection process is optimised by focussing on collaboration and 
taking the views and opinions of all the decision-makers to arrive at a consensus 
agreement. 
8.7 Summary 
This chapter has integrated and discussed the results of the study within the context of 
the existing body of knowledge in relation to the research questions. Using the 
discussions, it is now possible to develop a response to the primary research question 
defined in Section 1.4. ‘How can the uptake of ISTs be optimised for existing retail 
buildings to reduce energy use and carbon emissions, and improve the process of 
delivering low carbon retail buildings?’    
This thesis has proposed a novel structured Decision Support Framework to optimise 
the use of ISTs for existing retail buildings to reduce energy use and carbon emissions 
and improve the process of delivering low carbon retail buildings. The Decision Support 
Framework was tested with Company A (Section 7.3) and resulted in the selection of 
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eight suitable ISTs. The framework provided Company A with a structured process and 
facilitated the complex decision-making problem. Using the Decision Support 
Framework, the company was able to make a decision and optimise the selection of 
ISTs; a decision they had been unable to make previously. The Feedback Study with 
Company A (Study 2) and construction professionals from the wider construction 
industry (Study 4) indicate the DSF was useful in optimising the selection of ISTs for 
existing retail buildings and can also be used for selecting ISTs for other building types, 
both nationally and internationally. 
This discussion chapter has presented the relationship between the research results 
and existing knowledge. This leads on to the presentation of the achievement of the 
research objectives, knowledge contributions made by the study, and the conclusions 
of the thesis in the next chapter.  
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  Chapter 9
Conclusions 
9.1 Introduction 
An overview and rationale for the thesis was provided in Chapter 1, leading to a 
statement of the aim and objectives. This was followed by a comprehensive literature 
review of multiple topics (Chapters 2 and 3) that informed the scope of the research 
and provided the theoretical framework of knowledge to carry out the research. The 
research methodology and methods adopted to carry out the research are explained in 
Chapter 4. The results and analysis are presented and discussed in Chapters 5, 6 and 
7. Chapter 5 presents the findings of an exploratory study with the wider construction 
industry and an in-depth organisational case study with a leading UK retail contractor to 
identify the underlying problems to the slow uptake of ISTs in the retail construction 
industry. Chapter 6 describes the development of a Decision Support Framework and 
its components, while Chapter 7 describes the testing of the Decision Support 
Framework within a real context (Company A) and validation with professionals from 
the wider construction industry both nationally and internationally. Chapter 8 discusses 
the results in relation to the existing body of knowledge and answers the research 
questions. 
The purpose of this chapter is to review the aim and specific objectives set in Chapter 1 
and to summarise the key findings of the research. The research is discussed in terms 
of its contribution to existing theory and practice, and the implications of the research 
on the company involved in the study as well as on the wider construction industry. The 
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research is critically evaluated in terms of its limitations and the chapter concludes with 
recommendations for industry and future research. 
9.2 Review of research aim and objectives 
Prior to the presentation of the specific conclusions in response to each objective, it is 
appropriate to restate the aim and objectives. The aim of this research was to develop 
a Decision Support Framework to optimise the uptake of ISTs for existing retail 
buildings to reduce energy use, carbon emissions and improve the process of 
delivering low carbon retail buildings. The following objectives were established to 
achieve the aim: 
1. To review the current use of ISTs to achieve low carbon retail buildings. 
2. To identify the perspectives of various stakeholders on the drivers for and 
barriers to selecting ISTs for existing retail buildings. 
3. To review the current decision-making systems and methodologies used for 
selecting ISTs for existing retail buildings. 
4. To explore the available decision-making systems and methodologies and 
how they can be applied to the selection of ISTs for existing retail buildings. 
5. To develop a Decision Support Framework to assist stakeholders select 
ISTs for existing retail buildings. 
6. To validate the Decision Support Framework in a real context, both in terms 
of the data included and the decision methods used. 
7. To validate the Decision Support Framework with academic professionals 
from the wider construction industry in the UK and abroad. 
To achieve the stated aim and objectives the research was carried out in five phases 
as shown in Figure 9.1. 
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Figure 9.1: Research Design and Phases 
 302 
 
Phases 1 and 2 were to identify the research problem and indicate evidence that there 
is a slow uptake of ISTs in the retail construction industry. The underlying problem was 
identified as the lack of a Decision Support Framework (DSF) for the selection of ISTs 
in the retail construction industry and the need for one. A novel DSF was developed in 
Phase 3 to assist stakeholders select ISTs to reduce energy use, carbon emissions 
and improve the process of delivering low carbon retail buildings. The DSF was 
validated by firstly testing it in a real context with Company A (Phase 4), and secondly 
validating it with the wider construction industry (Phase 5). The next section discusses 
a summary of the findings for each objective. 
9.3 The key findings of the research 
Findings and specific conclusions that are drawn in response to each objective are: 
9.3.1 Objective 1  
‘To review the current use of ISTs to achieve low carbon retail buildings’ 
Objective 1 was achieved by triangulating the findings from the literature review and 
empirical findings from a Case Study. Firstly, a literature review was undertaken to 
establish the current research relating to the use of ISTs in the retail construction 
industry and this is documented in Section 2.4. The following findings were identified 
from the review: 
1. The use of ISTs can assist in achieving low carbon retail buildings and is 
evident from the case studies presented in Sections 2.4.1, 2.4.2 and 
2.4.3.  
2. There are several potential ISTs available in the market that can deliver 
low carbon retail buildings, but approximately 90% of ISTs are not even 
considered by stakeholders (LCICG, 2012). 
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3. The review identified a few ISTs have been incorporated in retail 
buildings. These were mostly on new build retail buildings rather than 
existing retail buildings (2.3.1).  
4. Currently there is a low use of ISTs for existing retail buildings. 
Secondly, a database of retail projects incorporating ISTs for a leading UK retail 
contractor (Case Study: Company A) was compiled and analysed (Phase 2) to support 
the findings from the literature review (Section 5.3.1). Twenty-three retail projects 
completed in the last five years by Company A were reviewed using company 
documents. The findings from the case study identified that only 17% of the projects of 
Company A had incorporated ISTs, while the remaining 83% used existing and mature 
sustainable technologies. The results from the company document analysis were 
consistent with the findings from the literature review and confirmed there is currently a 
low use of ISTs in the retail construction industry despite the potential of the ISTs 
available in delivering low carbon retail buildings. 
9.3.2 Objective 2  
‘To identify the perspectives of various stakeholders on the drivers for and barriers to 
selecting ISTs for existing retail buildings’ 
To understand the reasons for the low use of ISTs, Objective 2 was aimed to identify 
stakeholders’ perspectives and the perceived drivers for and barriers to selecting ISTs 
for existing retail buildings. This was fulfilled through undertaking a further literature 
review followed by an exploratory study with stakeholders from the wider construction 
industry (Section 5.2). 
The findings of the review identified a number of barriers for and drivers to using off-
site manufacturing systems, renewable energy technologies, energy efficient 
technologies, alternative energy technologies and energy efficiency improvements 
(Sections 2.7 and 8.3). These technologies reduce energy use and carbon emissions 
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and improve the process of delivering low carbon buildings and can be described as 
ISTs. Although the previous studies identified from the literature review reflect the 
barriers for and drivers to using ISTs from a broad perspective, they do not reflect the 
current perspectives of stakeholders in the retail construction industry on the selection 
of ISTs. Therefore, an exploratory study was conducted with a focus on identifying 
stakeholders’ perspectives on the selection of ISTs for existing retail buildings. The 
exploratory study identified the drivers for and barriers to the selection of ISTs for retail 
buildings (Section 5.2.2).  
The findings from both the literature review and exploratory study indicate that although 
there are several drivers for selecting ISTs, the barriers have dissuaded construction 
professionals from incorporating ISTs to help deliver low carbon retail buildings. The 
selection of ISTs was considered as a complex multi-dimensional decision-making 
problem made up of a number of aspects at different levels (economic, technical, 
environmental and social) and multiple stakeholders. The underlying cause to most of 
the barriers identified (such as: cost, uncertainty, legislation) was perceived as the 
complex task of selecting suitable ISTs; which is likely to explain the low use of ISTs 
and the discrepancy between positive attitudes and negative adoption intentions. 
9.3.3 Objective 3  
‘To review the current decision-making systems and methodologies used for selecting                                   
ISTs for existing retail buildings’ 
This objective was aimed at understanding the process of selecting ISTs in a real 
context; and to identify the limitations of the current selection process that contribute to 
the low use of ISTs in the retail construction industry. A questionnaire survey was used 
to collect data from the group, subsidiary and project level of Company A (Sections 
5.3.2 and 5.3.3).  
The majority of the respondents (58%) indicated that Company A did not have a 
structured process for selecting ISTs, 26% of the respondents mentioned they were not 
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involved in the selection of ISTs as; it was client-led, made by other consultants, or 
they were involved very late in the project and all the selection decisions had been 
done, while 16% of the respondents mentioned the use of environmental schemes 
such as BREEAM and SKA were used for the selection of ISTs.   
The results from the questionnaire survey indicate that Company A does not have a 
structured process for selecting ISTs. Additional company documents were analysed 
and the supplier selection process of Company A was reviewed to confirm the lack of a 
structured selection process for ISTs. The findings identified that Company A had a 
well-established process for selecting suppliers (EXOR Assessment), but was 
unsuitable for the selection of ISTs due to the risks and uncertainty inherent in ISTs 
(Section 5.3.2).  
The underlying problem to the slow uptake of ISTs was identified as the complex task 
of selecting appropriate ISTs, which is a complex multi-dimensional decision-making 
problem made up of a number of aspects at different levels (economic, technical, 
environmental and social) and multiple stakeholders. There is currently no selection 
system to select ISTs for existing retail buildings. There is a need for a formal 
structured process to support stakeholders in such complex decision-making problems 
with high uncertainty, conflicting objectives and multiple stakeholders with different 
interests and perspectives. 
9.3.4 Objective 4  
‘To explore the available decision-making systems and methodologies and how they 
can be applied to the selection of ISTs for existing retail buildings’ 
This objective was achieved by firstly undertaking a review of literature to understand 
the decision-making process of selecting ISTs. The selection of ISTs was identified as 
a strategic decision that is complex, multi-faceted and involving multiple stakeholders 
with different objectives (Section 3.3). The selection of ISTs is an example of a multiple 
criteria decision problem. Therefore, a further literature review was undertaken to 
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explore the various MCDA methods that could be applied to the selection problem 
(Section 3.5.1). The analytical hierarchy process and directional policy were identified 
as suitable methods for selecting ISTs. A further literature review was undertaken to 
identify if there were any existing MCDA methods for the selection of ISTs. The review 
identified several selection methods, support tools and framework in the construction 
industry, but they were not appropriate for the selection of ISTs for existing retail 
buildings (Section 3.6). Using such existing tools will lead to the selection of unsuitable 
ISTs as they do not focus on the retail sector or consider the context in which they 
operate. The review also confirmed the findings of Objective 2 indicating there is 
currently no structured process for the selection of ISTs for existing retail buildings.  
9.3.5 Objective 5  
‘To develop a Decision Support Framework to assist stakeholders select ISTs for 
existing retail buildings’ 
This objective was achieved using the secondary data provided in Objective 4 to 
develop a novel Decision Support Framework. The review of literature identified 
several MCDA methods, analytical hierarchy process (AHP) and directional policy 
matrix (DPM) were considered suitable methods for the selection of ISTs, however 
both methods had some limitations (Sections 6.2.1 and 6.2.2). Therefore the proposed 
Decision Support Framework is based on the MCDA methodology and is a combination 
of both AHP and DPM to compensate for the limitations identified for each method 
(Section 6.3). The framework consists of three stages; Identification (identifying the key 
stakeholders and their selection criteria), Design (identifying the problem, objectives 
and alternatives) and Choice (selection of alternatives using AHP and DPM), and eight 
steps; stakeholder analysis, problem structuring, identify selection criteria, define 
indicators for the criteria, identify alternatives, rank and weigh the selection criteria, 
score the alternatives and overall analysis to select ISTs (Section 6.4). 
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The developed Decision Support Framework is aimed at providing a practical solution 
to the real world problem identified from both literature review and the empirical 
studies. It also addresses the need for a structured process for selecting ISTs in the 
retail construction industry and fulfils Objective 5. 
9.3.6 Objective 6  
‘To validate the Decision Support Framework in a real context, both in terms of the data 
included and the decisions methods used’ 
This objective was achieved by conducting a Pilot Study with Company A (Section 7.3). 
During the Pilot Study, the framework was first trialled (Study 1: Section 7.4), followed 
by a feedback study to improve and refine the Decision Support Framework (Study 2: 
Section 7.5). The improved framework was then tested again (Study 3: Section 7.6).  
A summary of the findings from the Pilot Study: 
1. Identification of five stakeholder groups involved in the selection of ISTs for 
existing retail buildings (Section 7.4.1).  
2. Clients/Developers and Designers/Constructors were identified as the key 
stakeholder who have a high level of influence and importance in the selection 
of ISTs for retail building (Section 7.4.1.3).  
3. A set of criteria used by each key stakeholder group to select ISTs was 
established. The clients/developers selection criteria were identified as: cost, 
sustainability, time, proven success and risks, while the designers/constructors 
selection criteria were repeat business, transferability, differentiation, 
investment costs and margin opportunity (Section 7.4.3.3). 
4. The established selection criteria for each stakeholder group was ranked and 
weighted by Company A to reflect the decision-makers preferences (Section 
7.4.6). In Study 1, the clients/developers selection criteria: cost, sustainability, 
time, proven success and risks were weighted by Company A as 23%, 8%, 9%, 
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13% and 47% respectively (Section 7.4.6.1). While the designers/constructors 
selection criteria: repeat business, transferability, differentiation, investment 
costs and margin opportunity were weighted as 28%, 6%, 13%, 17% and 36% 
respectively (Section 7.4.6.2). In Study 3, the same criteria were weighted 
differently by Company A as shown in Table 9.1 (Section 7.6.6) indicating a 
change in preference for the criteria. Therefore, it is recommended that the AHP 
survey should be conducted prior to evaluating the ISTs to reflect the current 
weightings and ranking of the set of criteria to select suitable ISTs.  
   Selection Criteria Study 1 Study 3 
C
lie
nt
s 
/D
ev
el
op
er
s 
Risks 47% 27% 
Cost 23% 30% 
Proven Success 13% 17% 
Time 9% 19% 
Sustainability 8% 7% 
D
es
ig
ne
rs
 
/C
on
st
ru
ct
or
s 
Repeat Business 28% 25% 
Transferability 6% 7% 
Differentiation 13% 12% 
Investment Costs 17% 13% 
Margin Opportunity 36% 43% 
Table 9.1: Established weightings from Pilot Study 
5. Using the DSF, Company A selected eight ISTs(Solaveil, Spiralite, IOBAC, 
Magnatech, Thermacool, Monodraught, Powerperfector and Air-Site) for 
existing retail buildings that can reduce the energy use, carbon emissions and 
optimise the process of delivering low carbon retail buildings (Sections 7.4.8 
and 7.6.8).  
6. The decision support framework was considered an effective method by 
Company A to select ISTs (Section 7.5.1), and extremely important by the 
suppliers of ISTs in optimising the selection process by overcoming the barriers 
faced by the key decision-makers in the selection process (Section 7.5.2).  
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9.3.7 Objective 7  
‘To validate the Decision Support Framework with academic professionals from the 
wider construction industry in the UK and abroad’ 
The aim was to ensure the developed DSF was applicable to stakeholders in the wider 
construction industry and not limited to Company A. This objective was achieved by 
conducting a questionnaire survey with thirteen academic professionals from the wider 
construction industry, both nationally and internationally (Section 7.8). Overall, the 
validation results were positive, with the majority of the participants in favour of the 
framework, indicating the framework is a valuable tool for the selection of ISTs for retail 
buildings and can also be recommended for other building types, both nationally and 
internationally. 
To conclude, all of the set objectives have been achieved in the various phases of the 
research and are documented in the chapters of this thesis as shown in Table 9.2. 
Research Objectives Phase Chapters 
To review the current use of ISTs to achieve low carbon retail buildings 1&2 1, 2, 5, 8 and 9 
To identify the perspectives of various stakeholders on the drivers for and 
barriers to selecting ISTs for ERBs 
1 2, 5, 8 and 9 
To review the current decision-making systems and methodologies used for 
selecting ISTs for ERBs 
2 2, 5, 8 and 9 
To explore the available decision-making systems and methodologies and 
how they can be applied to the selection of ISTs for ERBs 
3 and 4 3 and 4 
To develop a Decision Support Framework to assist stakeholders select ISTs 
for ERBs 
3 6, 8 and 9 
To validate the Decision Support Framework in a real context, both in terms 
of the data included and the decision methods used 
4 7, 8 and 9 
To validate the Decision Support Framework with stakeholders from the 
wider construction industry in the UK and abroad 
5 7, 8 and 9 
Table 9.2: Research Objectives covered in Phases and Chapters 
9.4 Contributions of the study 
The results of the research presented within this thesis provide several theoretical and 
practical contributions which are described in the subsections.  
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9.4.1 Theoretical Contributions 
The study has made the following theoretical contributions: 
1. To the body of knowledge on the historical and current use of ISTs in retail 
buildings described in Chapters 2 and 5, this would help increase the 
understanding of the use of ISTs to deliver low carbon retail buildings. 
2. Identification of the main drivers for and barriers to selecting ISTs for existing 
retail buildings. Although previous research has been done in this area, the 
literature and empirical studies (described in Chapters 2 and 5) indicated very 
little research has been done in association with the stakeholders in the retail 
construction industry with regard to the use of ISTs to achieve low carbon retail 
buildings. The results provide a reliable and valid picture of the stakeholders’ 
perspectives from the retail construction industry on the selection of ISTs. 
3. To the body of knowledge within construction management research and 
decision-making systems. The study has identified the current decision-making 
methods used to select ISTs for retail buildings, and also reviewed existing 
decision-making systems and methodologies described in Chapters 3 and 5. 
The results indicated that stakeholders in the retail construction industry do not 
currently have a structured process for selecting ISTs; which was also identified 
as the underlying problem inhibiting the uptake of ISTs in the retail construction 
industry. Although several decision support frameworks for the construction 
industry were identified from the literature review, they are not suitable for the 
selection of ISTs for retail buildings, as they do not reflect the stakeholders 
concerns and objectives and can result in the selection of unsuitable ISTs.  
A novel Decision Support Framework was proposed for selecting ISTs for 
existing retail buildings. The framework is based on the MCDA methodology 
and is a combination of AHP and DPM (Section 6.3). Although there are several 
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selection frameworks/tools but this is the first selection framework combining 
AHP and DPM (As shown in Figure 6.1). 
4. To the methodological body of knowledge within construction management 
research. The study provides a successful example of using a multi-phase 
mixed method approach to promote the uptake of ISTs in the retail construction 
industry consisting of an exploratory sequential mixed method research 
approach to identify the research problem and an explanatory sequential mixed 
method research approach to validate the Decision Support Framework as 
shown in Figure 4.4.  
9.4.2 Practical Contributions 
1. A novel Decision Support Framework to assist stakeholders in the retail 
construction industry to select ISTs, which would optimise the selection process 
and ultimately promote the uptake of ISTs in the retail construction industry. 
2. The study analysed the innovation process for Company A (Section 5.3.3) and 
identified the company was weak in generating ISTs alternatives and converting 
the alternatives to business solutions (selecting). The proposed Decision 
Support Framework has assisted Company A to select ISTs and proved 
successful in optimising the selection process. The Decision Support 
Framework can also be used by other stakeholders in the retail construction 
industry to improve their innovation process 
3. Analysis of the ISTs used by Company A in the last five years and 
understanding the current process of selecting ISTs in Company A. The results 
identified that Company A used established sustainable technologies (83%) and 
very rarely used ISTs (17%). Also, they did not have a structured Decision 
Support Framework to select ISTs; confirming the need for one.  
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4. The research has contributed to assisting Company A select ISTs. The thesis 
has provided a worked example of using the Decision Support Framework with 
Company A as described in Chapter 7. The results were used to identify 
specific objectives for Company A to use. These include; (a) Identification of 
key stakeholders in the decision-making process for selecting ISTs for existing 
retail buildings, (b) Checklist of key stakeholders’ selection criteria, (c) 
Weighting and ranking of the selection criteria based on expert opinions from 
Company A, and (d) Database of ISTs to achieve low carbon retail buildings. 
This would provide valuable data for decision-making for ISTs for existing retail 
buildings and can also be used by other stakeholders. 
5. The Decision Support Framework was validated in a real context and also with 
the wider construction industry (described in Chapter 7). This would contribute 
to the relevance of the developed Decision Support Framework to other 
buildings types and other construction professionals. 
To sum up, the study has made contributions to knowledge in relation to the use of 
ISTs to optimise process, energy and carbon emissions of existing retail buildings from 
the aspects of theoretical understanding and practical strategies. This study has not 
only made a contribution to knowledge on optimising the uptake of ISTs to deliver low 
carbon retail buildings, but also contributes to the wider body of knowledge and maybe 
applicable to other building types. 
9.4.3 Publications to date from the study 
The contributions of the research have been disseminated to the wider construction 
industry and academic domain both nationally and internationally and are enclosed in 
Appendix E: 
1. Dangana, S.Z., Pan, W. and Goodhew, S. (2012) “Delivering sustainable 
buildings in retail construction”. In: Smith, S.D (Ed) Proceedings 28th Annual 
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ARCOM Conference, 3-5 September 2012, Edinburgh, UK, Association of 
Researchers in Construction Management, 1455-65 (Appendix E.1). 
2. Dangana, S.Z., Pan, W. and Goodhew, S. (2012). “Research Design Process: 
Knowledge Claims, Strategies and Methods”. The Methodological Innovation 
Conference, 20 November 2012, Plymouth University, Plymouth, UK. (Abstract 
Only) (Appendix E.2). 
3. Dangana, S.Z., Pan, W. and Goodhew, S. (2012). “Delivering Sustainable 
Buildings in Retail Construction”. The Postgraduate Society Annual Conference, 
21 November 2012, Plymouth University, Plymouth, UK, Abstract Only (Best 
Presentation Award) (Appendix E.3) 
4. Dangana, S.Z., Pan, W. and Goodhew, S. (2013). “A Decision Making System 
for Selecting Sustainable Technologies for Retail Buildings”. CIB World Building 
Congress 2013 (Electronic) Proceedings, Brisbane, Australia, 5-9 May 2013 
(Appendix E.4). 
5. Dangana, S.Z., Pan, W. and Goodhew, S. (2013). “Stakeholders perspective on 
sustainable technology selection to achieve zero carbon retail buildings”. In: 
Smith, S.D (Ed) Proceedings 29th Annual Association of Researchers in 
Construction Management (ARCOM) Conference, Reading, UK, 2-4 September 
2013 (Appendix E.5). 
6. Dangana, S.Z., Pan, W., Goodhew, S. and Fuertes, A. (2014). “Contractors 
Perspective on the Selection of Innovative Sustainable Technologies for 
Achieving Zero Carbon Retail Buildings”. ASCE Construction Research 
Congress (CRC) 2014, Georgia Institute of Technology, Atlanta, USA, May 19-
21, 2014 (Appendix E.6). 
7. Dangana, S.Z., Pan, W., Goodhew, S. and Fuertes, A. (2014). “Innovative 
Sustainable Technology (IST) Selection for Low Carbon Retail Buildings”. 
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ARCOM Doctoral Workshop on Sustainable Urban Retrofit and Technologies. 
South Bank University, London (Oral Presentation only) (Appendix E.7). 
9.5 Limitations of the study 
The research discussed within this thesis was limited to ISTs that can reduce energy 
use, carbon emissions and improve the process of delivering low carbon retail buildings 
in UK. These were defined at the start of the research and are described in detail as 
the limitations and scope of the research in Chapter 1. This section discusses the 
limitations experienced during the research process. 
The research carried out in this thesis involved the development of a Decision Support 
Framework adapted using the multiple criteria decision analysis methodology. The 
framework was developed using parameters drawn from published literature and 
empirical data collected through surveys and focus groups. Because the validation of 
its use was limited Company A, it cannot be universally applied in all scenarios in its 
current format. The results can be said to be limited, as the selection criteria, 
weightings and ISTs were tailored based on the requirements of Company A. Although 
the framework has potential for broader use by other stakeholders, some 
contextualisation will be necessary. 
Another limitation of the study was identified during Phase 2 of the study. An analysis 
of the innovation chain identified strengths and weaknesses of Company A in the three 
phases of the innovation process: (a) Idea Generating, (b) Idea Converting, and (c) 
Idea Diffusion.  Phases (a) and (b) were found to have low scores, and the study has 
focused on assisting the company improve these two phases only. The developed 
Decision Support Framework was used to improve the first phase by generating 
alternative ISTs and the second phase by assisting Company A select ISTs. However, 
the third link needs to be improved to ensure the selected ISTs are implemented and 
recommendations are provided in the next section. 
 315 
 
9.6 Recommendations for Future Research 
This section highlights five areas of research that could be investigated further as a 
result of this research, but which were not addressed during the PhD timescale. 
1. Ensure selected ISTs are implemented: According to Hansen and Birkinshaw 
(2007), the successful selection and implementation of ISTs will require a 
company to improve all the three phases of its innovation process: (a) Idea 
Generating (b) Idea Conversion and (c) Idea Diffusion. The proposed Decision 
Support Framework has focussed on improving the first two phases of the 
innovation process (idea generating and conversion phase) for Company A, 
and resulted in the successful selection of eight ISTs. The third phase of the 
innovation process ‘Idea diffusion’ has not been improved due to time 
limitations and the scope of the study. It is important to improve the third phase 
to ensure the successful selection and implementation of ISTs.  
The researcher has recommended a strategic innovation proposal for Company 
A with short, medium and long term goals.  Details of the strategic proposal are 
included in Appendix F: 
 Short Term: Risk Analysis and Capability Assessment of selected ISTs 
The pre-selected ISTs will require further detail analysis to confirm the 
capabilities of the ISTs before the technologies can be recommended to 
clients and incorporated on projects. This will require the support of 
surveyors, supply chain team and building service engineers to assess 
the selected ISTs and provide capability reports. This will provide a 
calculated risk to determine the ISTs to explore further. 
Medium Term: Diffusion of ISTs across Company A 
ISTs that satisfy the business capabilities should be explored further and 
diffused within the business. This can be achieved by raising awareness 
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of the ISTs by organising focus group workshops to introduce the 
selected suppliers to all the project teams. 
Long term: Implementation of selected ISTs on projects 
The selected ISTs should be introduced and promoted to retail clients 
with an aim to convince clients to adopt the ISTs and incorporate on 
retail projects.  
2. Wider validation of the Decision Support Framework with other 
stakeholders from the retail construction industry: The Decision Support 
Framework was tested with a leading UK retail contractor and has assisted the 
company optimise the selection of ISTs. The framework could be tested by 
retail clients or other construction professionals from the retail construction 
industry for selecting ISTs. A comparative study can be done to assess whether 
the Decision Support Framework does optimise the selection process for all 
stakeholders.  
3. Implementation of developed Decision Support Framework within 
Company A (or other construction firms) as a standard selection 
framework to be used for all retail projects.  
The research has focussed on developing a Decision Support Framework to 
optimise the uptake of ISTs in the retail construction industry. Although, the 
framework has been tested and proved successful by Company A, it has not 
been implemented by Company A or any other company as a standard 
framework to be used for the selection of ISTs. The implementation of the 
developed Decision Support Framework within a construction firm and 
assessing how the framework will be accepted could be an extension of the 
research. 
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4. Test the Decision Support Framework for the selection of ISTs for other 
types of buildings (such as schools, houses, leisure centres): Although the 
results from the testing and validation exercise highlighted the Decision Support 
Framework was useful and applicable to the wider construction industry, future 
research could use the framework to select ISTs for other building types both 
nationally and internationally. 
5. Develop the Decision Support Framework into ‘Software’ or ‘Online 
Decision Support Tool’ for stakeholders: The research has demonstrated 
the feasibility of the proposed Decision Support Framework to assist 
stakeholders in the retail construction industry to select ISTs. A fully commercial 
system could be developed, based on the approach advocated in this research. 
9.7 Conclusions and Summary 
The complex task of selecting ISTs has prevented the selection of ISTs for existing 
retail buildings to reduce energy use, carbon emissions and improve the process of 
delivering low carbon retail buildings. A Decision Support Framework was developed to 
assist stakeholders in the retail construction industry select ISTs. The validation results 
with Company A, provides evidence that the selection of ISTs for existing retail 
buildings can be optimised by using the Decision Support Framework. It is anticipated 
that the use of the Decision Support Framework can help optimise the uptake of ISTs 
in the retail construction industry and help to deliver low carbon retail buildings. 
This chapter has shown that all the research objectives have been met and also 
described the contributions to knowledge. The research, whilst completed at this stage, 
has opened up opportunities for further research in many other areas as suggested. 
The findings in this research can be further extended and modified to accomplish the 
ultimate goal of optimising the uptake of ISTs to deliver low carbon retail buildings. 
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Appendix B: Questionnaire Surveys 
 
Appendix B contains the following questionnaires used in the research study: 
B.1 : Stakeholder Analysis Questionnaire 
B.2 : Innovation Value Chain Analysis 
B.3a: Client/Developer AHP Questionnaire 
B.3b: Designer/Constructor AHP Questionnaire 
B.4: Scoring Questionnaire 
B.5: Feedback Questionnaire with Company A 
B.6: Feedback Questionnaire with suppliers of GDDFG-1 
B.7: Feedback Questionnaire with construction professionals from wider 
construction industry 
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B.3a: Client/Developer AHP Questionnaire 
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B.3b: Designer/Constructor AHP Questionnaire 
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B.4: ISTs Scoring Questionnaire 
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B.6: Feedback Questionnaire with Suppliers of GDDFG-1 
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Appendix C: Green Dragons’ Den Focus Group-1 
 
Appendix C contains the following documents and data collected during GDDFG-1: 
C1: Pre-documents sent to GDDFG-1 participants 
C2: AHP Results for all the participants (Client/Developer Criteria) 
C3: AHP Results for all the participants (Designer/Constructor Criteria) 
C4:  Additional Feedback letters from Suppliers of GDDFG-1 
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C.2: Client/Developer AHP Results (GDDFG-1) 
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C.3: Designer/Constructor AHP Results (GDDFG-1) 
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C.4: Additional Feedback letters from Suppliers of GDDFG-1 
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Appendix D: Green Dragons’ Den Focus Group-2 
 
Appendix D contains the following documents and data collected during GDDFG-2: 
 
D1: Pre-documents sent to GDDFG-2 participants 
D2: AHP Results for all the participants (Client/Developer Criteria) 
D3: AHP Results for all the participants (Designer/Constructor Criteria) 
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D.2: Client/Developer AHP Results (GDDFG-2) 
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D.3: Designer/Constructor AHP Results (GDDFG-2) 
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Appendix E: Researcher’s Publications published to date 
 
Appendix E contains the following publications made by the researcher during the 
research study: 
E.1: Delivering sustainable buildings in retail construction.  
E.2: Research Design Process: Knowledge Claims, Strategies and Methods. 
E.3: Delivering Sustainable Buildings in Retail Construction. 
E.4: A Decision Making System for Selecting Sustainable Technologies for 
Retail Buildings. 
E.5: Stakeholders perspective on sustainable technology selection to 
achieve zero carbon retail buildings. 
E.6: Contractors Perspective on the Selection of Innovative Sustainable 
Technologies for Achieving Zero Carbon Retail Buildings. 
E.7: Innovative Sustainable Technology (IST) Selection for Low Carbon 
Retail Buildings. 
 
 
 
 
 
 
 
 
 
 416 
 
E.1: ARCOM Conference 2012, Scotland 
 
 417 
 
 418 
 
 419 
 
 420 
 
 421 
 
 422 
 
 423 
 
 424 
 
 425 
 
 426 
 
 
 
 
 
 427 
 
E.2: The Methodological Innovation Conference, Plymouth  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 428 
 
E.3: The Postgraduate Society Annual Conference, Plymouth University 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 429 
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